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1 GLOSSARY 
2 
3 
4 CANDU--is a Canadian Deuterium Uranium heavy-water moderated reactor. 
5 
6 Dollar ($)--is the unit of reactivity. Reactivity is the deviation from the 
7 critical configuration which causes the reactor to gain or loose power. One 
8 dollar is the amount of reactivity provided by the "delay" neutron fraction. 
9 

10 Doppler Reactivity Feedback--is a mitigating factor in a reactor transient 
11 overpower accident. Because the Doppler Effect takes place in the fuel rods 
12 of a nuclear reactor, it acts very quickly as power increases. Doppler 
13 feedback causes the reactivity of the reactor to decrease as the fuel heats 
14 up; thus, Doppler feedback mitigates the increase in reactivity that caused 
15 the power increase in the first place. 
16 
17 Enrichment--is the fraction (%) of plutonium in the plutonium/uranium isotope 
18 mix in the reactor fuel. · 
19 
20 Getter--is a material that has an affinity for a particular chemical element. 
21 A getter will absorb atoms of a particular element and hold them. When the 
22 getter is heated, it releases the trapped atoms. 
23 
24 K-effective--is a measure of the neutron chain reaction balance in a nuclear 
25 reactor. When K-effective is less than 1.0, the reactor is sub-critical and 
26 will shut down. When K-effective is greater than 1.0, the reactor is 
27 super-critical and the neutron population and power will rise. 
28 
29 Negative Power Coefficient of Reactivity--As the power level in a nuclear 
30 reactor increases, temperatures also increase. To assure that the reactor 
31 remains controllable during a power change, nuclear reactors are designed to 
32 lose reactivity as temperatures increase. This is known as having a negative 
33 power coefficient of reactivity. The reactor loses reactivity as core 
34 components heat up because the core expands and the fuel temperature increases 
35 strengthening non-fissile absorptions (the Doppler Effect). 
36 
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1 1.0 INTRODUCTION 
2 
3 
4 This technical information document has been prepared to provide the 
5 background information and technical input necessary to support a potential 
6 environmental impact statement (EIS) for a Fast Flux Tes\ Facility (FFTF) 
7 mission of interim tritium and long-term medical isotope production. 
8 
9 

10 1.1 OVERVIEW: INTERIM TRITIUM AND LONG-TERM MEDICAL ISOTOPE 
11 PRODUCTION PROPOSAL 
12 
13 On January 15, 1997, the U.S. Department of Energy (DOE) announced its 
14 decision to consider use of the FFTF for an interim tritium source and for 
15 production of a broad spectrum of isotopes for medical applications. The FFTF 
16 is a 400 megawatt (thermal) sodium-cooled nuclear reactor located in the 
17 400 Area of the Hanford Site, near Richland, Washington (Figures 1~1 and 1-2). 
18 The reactor currently is being maintained in a standby condition while 
19 environmental and safety analyses and technical feasibility studies for the 
20 proposed mission are being conducted. These scoping studies ~ill support a 
21 decision by the U.S. Secretary of Energy on whether to pursue restart of the 
22 FFTF for the proposed mission, re-initiate shutdown, or continue to maintain 
23 the FFTF in standby. If FFTF restart is pursued, an EIS would be prepared 
24 pursuant to the National Environmental Policy Act (NEPA) of 1969. 
25 
26 If the NEPA process is initiated, it is expected that an EIS would be 
27 prepared to analyze the DOE's proposed use of FFTF for interim tritium and 
28 long-term medical isotope production (FFTF EIS). Other major Hanford Site 
29 facilities associated with the proposed use of FFTF are the Fuels and 
30 Materials Examination Facility (FMEF), located in the 400 Area (Figures 1-1 
31 and 1-3) and the 306-E and 325 Buildings, located in the 300 Area 
32 (Figures 1-1, 1-4 and 1-5, respectively). 
33 
34 The FFTF EIS would be site-specific and tier from the Final Programmatic 
35 Environmental Impact Statement for Tritium Supply and Recycle (DOE/EIS-0161) 
36 completed in October 1995, and in the same manner that site-specific NEPA 
37 documentation is being prepared for other components of the Tritium Program 
38 (i.e., lead test assembly, tritium extraction facility, irradiation by an 
39 accelerator, and irradiation by a commercial reactor). The results of the 
40 FFTF site-specific environmental and safety scoping analyses, information from 
41 technical and economic studies, and national policy objectives will form the 
42 basis for decisions regarding tritium and medical isotope production in the 
43 FFTF. The alternatives that would be addressed in detail by the EIS include 
44 the following: 
45 
46 • The preferred alternative is to restart the FFTF for an interim 
47 tritium source and long-term production of a broad spectrum of 
48 medical isotopes, including: 
~ 
50 - Mixed oxide fuel fabrication at the FMEF, irradiation in FFTF, and 
51 subsequent interim dry storage of the spent nuclear fuel on the 
52 Hanford Site. 
53 
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1 Tritium target fabrication at FMEF, irradiation in FFTF, and 
2 disassembly and packaging at FFTF for transport to the Savannah 
3 River Site (location of tritium extraction and purification 
4 operations) 
5 
6 - Medical isotope target fabrication at the 325 Building, 
7 306-E Building, and FMEF; irradiation in FFTF; and transport to the 
8 325 Building for required processing and transport of the product 
9 isotopes to appropriate distribution centers . 

10 
11 • The No Action alternative would continue to maintain the FFTF 
12 indefinitely in its current standby mode pending a future decision on 
13 missions or shutdown. 
14 
15 • The FFTF Shutdown alternative would permanently close the FFTF. FMEF 
16 and the 306-E and 325 Buildings would continue with their current 
17 missions. 
18 
19 This technical information document has been prepared for the FFTF 
20 Standby Project Office by the B&W Hanford Company \tith the assistance of 
21 Pacific Northwest National Laboratory and Argonne National Laboratory to 
22 provide the FFTF EIS preparer with the background information and technical 
23 input necessary to develop and evaluate the alternatives for a possible FFTF 
24 interim tritium supply and long-term medical isotope production EIS. The 
25 information contained herein is based on best engineering judgment. Baseline 
26 data are used to develop bounding environmental consequences, both for routine ~ 
27 operation and accident scenarios. ~ 
28 
29 
30 1.2 BACKGROUND 
31 
32 The following sections provide a brief background related to the 
33 nation's need for tritium and medical isotopes. The discussion addresses the 
34 role that DOE plays in instituting programs to support these needs. Related 
35 NEPA documentation also is discussed. 
36 
37 
38 1.2.1 National Defense Program 
39 
40 In January 1991, the U.S. Secretary of Energy announced that the DOE 
41 Office of the Assistant Secretary for Defense Programs would prepare a 
42 Programmatic EIS (PEIS) examining alternatives for the reconfiguration of the 
43 Nation's Nuclear Weapons Complex (56 FR 5590). Because of the significant 
44 changes since January 1991, especially with regard to projected future 
45 requirements for the United States nuclear weapons stockpile, a much smaller 
46 weapons complex than previously envisioned is required. The DOE separated the 
47 Reconfiguration PEIS into two PEISs: the Tritium Supply and Recycle PEIS 
48 (TSR PEIS) and the Stockpile Stewardship and Management PEIS (59 FR 54175). 
49 Another issue, which was once part of reconfiguration, is the storage of all 
50 weapons-usable fissile materials, primarily highly enriched uranium and 
51 plutonium, and the disposition of surplus weapons-usable plutonium. 
52 Therefore, a third PEIS, Storage and Disposition of Weapons-Usable Fissile 
53 Materials Final Programmatic Environmental Impact Statement (SD PEIS) 
54 (DOE/EIS-0229), was prepared to analyze alternatives for the long-term storage 
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1 of all weapons-usable fissile materials and disposition of plutonium declared · 
2 surplus to national defense needs. Also, a fourth EIS, Disposition of Surplus 
3 Highly Enriched Uranium Final Environmental Impact Statement (DOE/EIS-0240), 
4 was prepared to address the disposition of highly enriched uranium. The 
5 TSR PEIS and the SD PEIS correlate to the proposed use of FFTF. 
6 
7 The TSR PEIS addresses the need for a new tritium supply source and for 
8 recycling facilities to support the Nation's Nuclear Weapons Complex. The DOE 
9 is responsible for maintaining the necessary stockpile of materials for the 

10 nation's nuclear deterrent, of which tritium is a key component. Tritium, a 
11 radioactive isotope of hydrogen, decays at a rate of 5.5 percent per year and 
12 must be replaced periodically as long as the Nation relies on a nuclear 
13 deterrent. Currently, the Nuclear Weapons Complex does not have the 
14 capability to produce the required amounts of tritium, yet projections require 
15 that new tritium be available by approximately the year 2005. The DOE 
16 currently is meeting tritium requirements for the stockpile by using tritium 
17 recycled from dismantled weapons. 
18 
19 The DOE made three simultaneous decisions in the TSR PEIS Record of 
20 Decision (60 FR 238). First, a dual track will be pursued on the two most 
21 promising tritium supply alternatives: (1) to initiate purchase of an 
22 existing commercial reactor (operating or partially complete) or irradiation 
23 services with an option to purchase the reactor for conversion to a defense 
24 facility; and (2) to design, build, and test critical components of an 
25 accelerator system for tritium production. Within a 3-year period, the DOE 
26 will select one of the tracks to serve as the primary source of tritium. The 
27 other alternative, if feasible, will be developed as a back-up tritium source. 
28 Second, the Savannah River Site was selected as the location for an 
29 accelerator, should one be built. Third, the tritium recycling facilities at 
30 the Savannah River Site will be upgraded and consolidated to support both of 
31 the dual track options. If the commercial reactor alternative is selected as 
32 the primary source, a tritium extraction facility also will be constructed at 
33 the Savannah River Site. A decision is expected by the end of calendar year 
34 1998 to determine which option will be the primary source for tritium and 
35 which option will serve as the backup source. 
36 
37 The SD PEIS was completed in December 1996 and a Record of Decision was 
38 issued January 14, 1997. The DOE is implementing a program to provide for 
39 safe and secure storage of these materials, and to ensure that plutonium 
40 produced for nuclear weapons and declared surplus to national security needs 
41 (now or in the future) never is used again for nuclear weapons. DOE's 
42 strategy for disposition of surplus plutonium is to pursue an approach that 
43 allows: (1) immobilization of surplus plutonium for disposal in a repository 
44 pursuant to the Nuclear Waste Policy Act of 1982 and (2) fabrication of 
45 surplus plutonium into mixed oxide fuel for use in existing domestic 
46 commercial reactors [and potentially Canadian deuterium-uranium (CANDU) 
47 reactors, depending on future agr~ements with Russia and Canada]. The timing 
48 and extent to which each of these disposition technologies are deployed will 
49 depend on the results of future technology development and demonstrations, 
50 site-specific environmental reviews, detailed cost proposals, and the results 
51 of negotiations with Russia, Canada, and other nations. 
52 
53 
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1.2.2 National Medical Isotope Program 

For nearly 50 years, DOE and its predecessor agencies hav~ produced and 
distributed isotopes through the DOE's national laboratories. The Atomic 
Energy Act of 1954 provides the basic authority for the DOE to produce and 
distribute isotopes and to support research and development of new isotope 
products and technology. The DOE's Isotope Production and Distribution 
Program provides a wide range of isotope products and services to customers 
worldwide. Continuing~ long tradition within the DOE and its predecessor 
organizations, the Isotope Production and Distribution Program is committed to 
produce and distribute radioisotopes and enriched stable isotopes for research 
or development purposes, medical diagnoses and therapy, industrial, 
agricultural, and other useful applications that are in the national interest. 
The program also develops improved means of producing and separating isotopes 
that are needed to serve the national interest. The DOE is the only domestic 
source of many important isotopes. 

To ensure the continued availability of essential isotopes, the DOE 
coordinates its activities with commercial producers. The DOE also is 
streamlining its activities by consolidating or privatizing wherever possible 
to reduce the cost to U.S. taxpayers. However, because the medical 
radioisotope market is influenced by elements other than traditional market 
forces, full-cost recovery of investment often is not possible. 

Isotope products and services are provided by contractors at four 
locations. A federally-owned facility at a fifth location is planned for the 
production of molybdenum-99 and related isotopes. This facility is addressed 
in The Final Environmental Impact Statement for Medical Isotopes Production 
Project: Molybdenum-99 and Related Isotopes (DOE/EIS-0249F), which was 
completed in May 1996 with a Record of Decision issued in September 1996 
(61 FR 48912). Therefore, pursuant to the Record of Decision, DOE is 
proceeding with its proposed action to establish a domestic source of 
molybdenum-99 and related isotopes at selected facilities in New Mexico. 
Isotopes from this newly-converted facility are expected to be available in 
late 1997. 

1.2.3 Evolution of the FFTF Interim Tritium Supply and Long-Term Medical 
Isotope Production Proposal 

FFTF is the world's largest, liquid metal-cooled test reactor. The 
400-megawatt reactor was designed to be operated as a prototype plant for the 
Clinch River Breeder Reactor and to test materials for the liquid metal fast 
breeder reactor development program, even though FFTF is not a breeder 
reactor. During the late construction phase of the FFTF, the nation's breeder 
program was put on hold. However, because of its design and versatility, the 
DOE decided to complete construction and to operate the reactor to irradiate 
and test new reactor fuels and structural materials for the United States and 
international· agencies; to conduct operational, safety, and balance of plant 
testing; and to eventually produce medical and industrial radioisotopes . The 
reactor operated for approximately 10 years, from 1982-1992, and the 
capability to perform these various missions was demonstrated successfully. 
The reactor had an outstanding performance and safety record throughout its 
operation. 
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1 In March 1992 , the DOE concluded that justification to support the 
2 expense of continued operation did not exist and directed that FFTF be placed 
3 in a standby condition. Following a concerted effort to find a combination of 
4 compatible missions that could make the reactor financially self-supporting, 
5 on December 15, 1993, the U.S. Secretary of Energy directed that a phased 
6 shutdown process be initiated. Tritium production for defense purposes was 
7 not considered as a potential mission during that time. Removal of fuel from 
8 the reactor vessel began during March 1994 and was completed during April 
9 1995. An environmental assessment (DOE/EIS-0993) was prepared to evaluate the 

10 impacts of disposition of the radioactive and hazardous materials necessary to 
11 place the FFTF in a safe shutdown condition . 
12 
13 The final TSR PEIS, completed in October 1995, mentioned and dismissed 
14 FFTF as a long-term tritium supply option because the amount of tritium that 
15 could be produced would only meet a percentage of the steady-state tritium 
16 requirements at that time, and it also was believed that the FFTF would be at 
17 the end of its operating life in the year 2010. In parallel with the 
18 completion of the TSR PEIS/Record of Decision process, questions were raised 
19 by a private consortium on the viability of using the FFTF for combined 
20 tritium and medical isotope production. The consortium also requested that 
21 DOE again review the FFTF capabilities. The Record of Decision reflected that 
22 request, stating "The Department will evaluate the presentation made by the 
23 private group to determine whether the operation of the FFTF might be able to 
24 play any role in meeting future tritium requirements. If any changes are 
25 warranted to this Record of Decision following that review, or further NEPA 
26 documentation is required, the Department will take appropriate action.'' 
27 
28 In November 1995, at the direction of the U.S. Secretary of Energy, any 
29 irreversible deactivation activities were halted (Appendix A. l) and several 
30 studies were conducted during calendar year 1996 to confirm the technical, 
31 cost, and schedule viability of tritium production at FFTF . A study by the 
32 DOE Office of Nuclear Energy, Science, and Technology, Tritium Production 
33 Capability at the Fast Flux Test Facility (DOE 1996a), and another by the 
34 Office of Defense Programs, Technical Assessment of Tritium Production 
35 Capability of the Fast Flux Test Facility (DOE 1996b), concluded that FFTF 
36 could deliver approximately 1. 5 kilograms of tritium per year with medium-to-
37 high confidence. Engineering analyses indicate that FFTF has a remaining 
38 operating life of at least 22 years and further analyses are expected to 
39 extend the operational life for 30 years. The U.S. Secretary of Energy 
40 requested an independent assessment by the JASON group on the technical 
41 feasibility of using the DOE's FFTF to generate tritium. The JASONS are a 
42 cadre of academic scientists, mostly physicists, that have been meeting every 
43 summer for more than 30 years (eight current or ex-JASON members have won 
44 Nobel Prizes) to solve practical problems for the government, usually the 
45 Department of Defense. The JASON assessment (JSR-96-325) concluded that the 
46 FFTF was capable of producing 1.0 kilogram of tritium per year with a 
47 high-degree of confidence, 1.5 kilograms with a reasonable confidence, and 
48 2.0 kilograms were considered credible if everything worked to full potential 
49 "without a hitch". Two independent assessments of the cost and schedule 
50 estimates for producing tritium at the FFTF also were conducted, Independent 
51 Assessment of Cost and Schedule Estimates for the Production of Tritium at the 
52 Fast Flux Test Facility (Savoie 1996) and DOE Tritium Production: Final 
53 Briefing on FFTF and ATR Cost Analysis (Putnam et al. 1997). 
54 
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1 Based on the results of the 1996 studies, on January 15, 1997, the 
2 U.S. Secretary of Energy announced the decision to maintain the reactor in 
3 standby to permit further environmental and safety studies to be completed on 
4 tritium production, as well as to review the feasibility of concurrent medical 
5 isotope production (Appendix A.2). As di scussed in Section 1. 2.1, DOE is 
6 pursuing a primary long-term source of tritium (i.e., linear accelerator or 
7 commercial light-water reactor) (60 FR 238) . However, the primary long-term 
8 tritium source may not be available because of funding, schedule , and 
9 institutional concerns in time to maintain the essential tritium inventory . 

10 Therefore, DOE needs to evaluate the viability of establishing an interim 
11 tritium supply to provide assurance that the nation's stockpile of tritium is 
12 maintained. DOE identified FFTF as the only existing DOE reactor that is 
13 capable of producing significant quantities of tritium (DOE/EIS-0161). The 
14 FFTF could produce an interim tritium supply as early as 2002 to ensure a 
15 sufficient stockpile is available until the primary facility is producing 
16 tritium. 
17 
18 It also was recognized that the FFTF, which has been used in the past to 
19 produce a variety of isotopes for both medical and commercial application, 
20 could enhance the long-term U.S. medical isotope production capacity. 
21 Production of medical isotopes would be a complementary mission to the tritium 
22 production mission and could provide a domestic source of a broad spectrum of 
23 isotopes to meet a growing market demand. The revenue from medical isotope 
24 sales could defray some of the cost of FFTF operation. Therefore, DOE is 
25 considering a complementary role for FFTF to produce medical isotopes in 
26 concert with its primary mi ssion of producing tritium . Accordingly, the ~ 
27 reactor is being held in a standby mode and any shutdown activities that would ~ 
28 affect the ability to restart the reactor are on hold. On May 5, 1997 , the 
29 U.S . Secretary of Energy indicated in a letter to the chairman of the United 
30 States Senate Committee on Armed Services that the " .. . Department is 
31 maintaining the Fast Flux Test Facility in a standby condition at the Hanford 
32 site in Washington while we evaluate any future role it may have in the 
33 Department's tritium production strategy. The Department will ensure that the 
34 evaluation of the Fast Flux Test Facility is consistent with the overall 
35 schedule for a decision on future tritium production" (Appendix A.3). 
36 
37 This technical information document provides a compilation of the 
38 results of the environmental and safety studies that have been completed to 
39 confirm both the safety and technical viability of a combined interim tritium 
40 and long-term medical isotope production mission for FFTF. 
41 
42 
43 1.2.4 Related National Environmental Policy Act Reviews 
44 
45 The following sections provide a brief discussion of related NEPA . 
46 documentation pertaining to the proposed FFTF interim tritium and long-term 
47 medical isotope mission. -
48 
49 1.2.4.l Final Programmatic Environmental Impact Statement for Tritium Supply 
50 and Recycling (DOE/EIS-0161). This PEIS evaluated the alternatives for the 
51 siting, construction, and operation of tritium supply and recycling facilities 
52 at five candidate sites , using four different tritium supply technologies. 
53 The impacts associated with the DOE purchase of an existing operating or 
54 partially completed light water reactor or the DOE purchase of irradiation 
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services contracted from commercial power reactors were evaluated. 
Additionally, the PEIS includes an analysis of multipurpose reactors that 
could produce tritium, dispose of plutonium, and produce electricity. This 
PEIS mentioned and dismissed FFTF as a long-term tritium supply option because 
the amount of tritium that it could produce only would meet a percentage of 
the steady state tritium requirements, and it also was believed that the FFTF 
would be at the end of its operating life in the year 2010. Use of FFTF as an 
interim supply option was not evaluated. 

10 1.2.4.2 EIS for Construction and Operation of a Tritium Extraction Facility 
11 at the Savannah River Site (DOE/EIS-0271, in preparation). This proposed EIS 
12 will analyze the potential environmental impacts associated with the 
13 extraction of tritium gas from targets irradiated in a civilian reactor. In 
14 December 1996, a letter was sent from T. R. Lash, Director of the Office of 
15 Nuclear Energy, Science and Technology, to J . N. Knox, NEPA Document Manager, 
16 Savannah River Operations Office, indicating that should the Secretary decide 
17 to pursue the FFTF as an option for tritium production, the scope of the 
18 tritium extraction facility would need to address the impacts of processing 
19 the lithium aluminate targets and transportation impacts of moving the tritium 
20 targets to the Savannah River Site. At this time, the Savannah River Site is 
21 not considering targets irradiated in the FFTF as possible feed for the 
22 . Tritium Extraction Facility. Therefore, if a decision is made to use the 
23 FFTF, the Tritium Extraction Facility would need to determine whether 
24 additional NEPA documentation is required to process tritium rods from the 
25 FFTF. 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

1.2.4.3 Environmental Assessment: Lead Test Assembly Irradiation and 
Analysis (Watts Bar Nuclear Plant, Tennessee; and Hanford Site, Richland 
Washington) (DOE/EA-1210). This environmental assessment evaluated the 
environmental impacts associated with necessary activities to support the 
testing of tritium targets in a commercial light-water reactor. The scope 
addresses all transportation aspects, as well as target irradiation at the 
Watts Bar Nuclear Plant, and post-irradiation analyses on the Hanford Site. 
The proposed corresponding FFTF actions are similar to those evaluated in this 
environmental assessment. 

1.2.4.4 Storage and Disposition of Weapons-Usable Fissile Materials Final 
PEIS (DOE/EIS-0229). This PEIS evaluated the alternatives for the long-term 
storage, including storage until disposition, and disposition of 
weapons-usable fissile materials from U.S. nuclear weapon dismantlements under 
the responsibility of the DOE. While use of the FFTF , which would use a mixed 
oxide fuel supply (a mixture of plutonium oxide and uranium oxide), was not 
evaluated in this PEIS, footnote 10 of the Recor4 of Decision (62 FR 3014) 
does -state " ... The Fast Flux Test Facility (FFTF) at Hanford has been under 
consideration for tritium production, and could also use surplus plutonium as 
reactor fuel if it were shown to be useful for tritium production. This ROD 
does not preclude use of the FFTF for tritium production or the potentiil use 
of surplus plutonium as fuel for the FFTF . " Operation of FFTF would require 
that plutonium be provided from the surplus weapons-usable fissile materials 
stockpile for producing a mixed oxide fuel supply. The use of mixed oxide 
fuel in FFTF would be consistent with the DOE's spent fuel standard, which is 
a concept to make the plutonium as unattractive and inaccessible for retrieval 
and weapons use as the residual plutonium in the spent fuel from commercial 
reactors. Therefore, an additional benefit of the operation of FFTF would be 
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1 realized; i.e . , rendering a significant portion of surplus weapons-usable 
2 plutonium useless. 
3 
4 1.2.4.5 EIS for Programmatic Surplus Plutonium Disposition (D0E/EIS-0283, in 
5 preparation). This EIS will analyze the potential environmental impacts 
6 associated with disposition of surplus weapons-usable plµtonium based on 
7 various technol~gy(s) and site(s). This document tiers from the PEIS 
8 discussed in Section 1.2 .4.4. The FMEF, collocated with the FFTF in the 
9 400 Area, is being evaluated in this document as a candidate facility for a 

10 major role in the plutonium disposition mission . The two options for 
11 disposition being evaluated are commercial reactor burn to the spent fuel 
12 standard and immobilization. A mixed ox ide supply for potential use by the 
13 FFTF (nominal enrichment of 40 weight percent plutonium) is not being 
14 evaluated at this time. 
15 
16 1.2.4.6 Environmental Assessment : Shutdown of the Fast Flux Test Facility, 
17 Hanford, Richland, Washington (D0E/EA-0993). This environmental assessment 
18 evaluated the impacts associated with actions necessary to place the FFTF in a 
19 radiologically and industrially safe shutdown condition, suitable for a 
20 long-term surveillance and maintenance phase before final decontamination and 
21 decommissioning (impacts similar to the FFTF "No Action'' alternative). 
22 
23 1.2.4.7 Environmental Statement, Fast Flux Test Facility, Richland, 
24 Washington (WASH-1510). This environmental statement (prepared by the 
25 U.S . Atomic Energy Commission) provided information on all aspects of 
26 environmental impacts associated with the construction and operation of FFTF, 
27 including all phases of fuel fabrication , handling , storage, and 
28 transportation. 
29 
30 1.2.4.8 Environmental Assessment for the Fuels and Materials Examination 
31 Facility, Hanford Site, Richland, Washington, (D0E/EA-0116, July, 1980). This 
32 environmental assessment evaluated potential environmental impacts associated 
33 with providing a facility (FMEF) with fuel development, fuel fabrication, and 
34 irradiated fuel and materials examination capabilities in support of the FFTF 
35 and other reactors in the liquid metal fast breeder reactor program. The FMEF 
36 contains laboratory space and facilities (e .g. , hot cells) to support the 
37 development of fuel fabrica t ion processes, equipment, and handling systems for 
38 fuel materials emitting various amounts of radiation. 
39 
40 1.2.4.9 FMEF Environmental Assessment Supplement for Secure Automated 
41 Fabrication (SAF), (supplement to DOE/EA-0116, December, 1981). This 
42 environmental assessment supplement updated DOE/EA-0116 to appropriately 
43 reflect addition of the SAF program features. The SAF line contains a modular 
44 automated fuel pin fabricat i on line, a fuel fabrication development 
45 laboratory, an equipment ma i ntenance and decontamination room, and related 
46 support facilities. Instal l ation and testing of the line was initiated, but 
47 never completed . 
48 
49 1.2.4.10 Final Environmental Impact Statement: Department of Energy 
50 Programmatic Spent Nuclear Fuel Management and Idaho National Engineering 
51 Laboratory Environmental Restoration and Waste Management Programs 
52 (DOE/EIS-0203). This EIS analyzed (at a programmatic level) the potential 
53 environmental consequences over the next 40 years of alternatives related to 
54 the transportation, receipt , processing, and storage of spent nuclear fuel 
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1 under the responsibility of DOE. For programmatic spent nuclear fuel 
2 management, this EIS analyzed alternatives of no action, decentralization, 
3 regionalization, centralization, and the use of the plans that existed in 1992 
4 and 1993 for the management of these materials. The proposed dry storage of 
5 FFTF spent fuel on the Hanford Site would be on an interim basis pending the 
6 final disposition discussed in this final EIS. 
7 
8 1.2.4.11 Environmental Assessment: Management of Hanford Site Non-Defense 
9 Production Reactor Spent Nuclear Fuel, Hanford Site, Richland, Washington 

10 (D0E/EA-1185). This environmental assessment evaluated the environmental 
11 impacts associated with actions necessary to place the Hanford Site's 
12 non-defense production reactor spent nuclear fuel in a radiologically- and 
13 industrially-safe, and passive, consolidated storage condition pending final 
14 disposition. The portion of this environmental assessment dealing with the 
15 FFTF fuel inventory was prepared based on the deactivation scenario, with 
16 scope limited to the current inventory of FFTF spent nuclear fuel. The 
17 environmental assessment also discussed the potential restart of FFTF and that 
18 appropriate environmental analyses would address the potential impacts 
19 (including additional FFTF spent nuclear fuel). 
20 
21 1.2.4.12 Medical Isotope Production: Molybdenum-99 and Related Isotopes 
22 Final Environmental Impact Statement (D0E/EIS-0249). This EIS evaluated the 
23 alternatives for establishing a domestic source to produce molybdenum-99 and 
24 related medical isotopes . Five alternatives, at selected sites, were analyzed 
25 indetail. 
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Figure 1-1. Hanford Site. 
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Figure 1-3. Fuels and Materials Examination Facility. 
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Figure 1- 4. 306-E Building . 
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Figure 1-5. 325 Building. 
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1 2.0 PREFERRED ALTERNATIVE 
2 
3 
4 The preferred alternative is to use the FFTF to produce an interim 
5 supply of tritium until the DOE's primary long-term, steady state tritium 
6 source is available (i.e., linear accelerator or commercial light water 
7 reactor). FFTF could achieve an annual tritium production goal of 
8 approximately 1.5 kilograms, while concurrently producing medical isotopes 
9 (Figure 2-1). Once the primary long-term tritium source is available, the 

10 FFTF could continue to produce a wide variety of high-purity isotopes for use 
11 in medical applications (while being maintained as a backup tritium source) . 
12 It is anticipated that the impacts evaluated in the FFTF EIS for this proposed 
13 mission also would provide bounding consequences for operation of FFTF and the 
14 associated facilities solely for production of medical isotopes. If 
15 significant new information emerges (through development of the medical 
16 isotope program, new technologies, and market growth) that would necessitate 
17 changes in operation of the facilities from that presented in the FFTF EIS, 
18 evaluations would be required to determine whether additional NEPA 
19 documentation is warranted. 
20 
21 
22 2.1 OVERVIEW OF THE PREFERRED ALTERNATIVE 
23 
24 Tritium production at the FFTF would be comparable to the production of 
25 tritium in a light water reactor. Even though the FFTF was a prototype plant 
26 for the breeder program, FFTF is not a breeder reactor. The FFTF core design 
27 would facilitate the introduction of tritium targets by removing and replacing 
28 reflector assemblies with tritium target assemblies. The flux density of the 
29 FFTF is significantly higher than in a light water reactor . When producing 
30 tritium, this would result in a high 'specific yield' per target assembly . 
31 
32 The FFTF tritium target design would be based on the target rod designed 
33 and developed by DOE for use in pressurized commercial light water reactors. 
34 More than 10 years of DOE research and development activities associated with 
35 tritium production targets for light water reactors have been completed. As 
36 part of this research, target irradiation, examination, and safety testing 
37 have been performed at DOE facilities. For example, in the late 1980's, tests 
38 were conducted in the sodium-cooled, fast flux Experimental Breeder Reactor-II 
39 (Idaho National Environmental and Engineering Laboratory) that confirmed 
40 acceptable performance of a stainless steel/lithium target design with a 
41 yttrium getter* at the approximately 900°F FFTF operating coolant 
42 temperatures. In the light water reactor, the tritium rods replace the 
43 conventional burnable absorber rods within the fuel elements . At the end of 
44 the -pressurized water reactor's operating cycle, the tritium rods w_ould be 
45 removed from the host fuel assemblies and shipped to the Tritium Extraction 
46 Facility at the Savannah River Site. The FFTF tritium targets would be 
47 individual core assemblies (i.e., not intermixed with the fuel). Following 
48 irradiation, the target assemblies would be disassembled and the pins 
49 transported to the Tritium Extraction Facility. 
50 

51 *getter= a material that has an affinity for a particular chemical 
52 element. 

971120.1759 2-1 



HNF-1855, Draft B 

1 A mixed oxide fuel supply (a mixture of plutonium oxide and uranium 
2 oxide), which was the standard fuel used for past FFTF operations, would be 
3 used. The enrichment of the fuel would be a nominal 40 weight percent 
4 plutonium as compared to the previous enrichment of a nominal 25 weight 
5 percent. Previous FFTF core loadings were surrounded by Inconel™ reflectors 
6 that boosted the reactivity of the reactor. For tritium production, the 
7 Inconel reflectors would be replaced by neutron absorbing tritium targets, 
8 which results in the need for the increased plutonium fuel enrichment. 
9 Additionally, deploying 16 to 20 absorbing tritium targets in the cote region 

10 further decreases core reactivity, necessitating the higher fuel enrichment 
11 (i.e., a nominal 40 weight percent plutonium). It is assumed that the 
12 plutonium would be provided from the surplus weapons-usable fissile materials 
13 stockpile. The use of mixed oxide fuel in FFTF would be consistent with the 
14 DOE's goal of irradiating the surplus weapons-usable plutonium to the spent 
15 fuel standard, making the plutonium as unattractive and inaccessible for 
16 retrieval and weapons use as the residual plutonium in the spent fuel from 
17 commercial reactors. Therefore, an additional benefit of the preferred 
18 alternative would be realized; i.e., disposal of a substantial portion (up to 
19 70 percent) of surplus weapons-usable plutonium. It is estimated that 
20 approximately 60 fuel assemblies would be required each year. This would use 
21 approximately 0.7 to 0.9 metric tons per year of surplus weapons-usable 
22 plutonium. 
23 
24 The FFTF has the capability to produce a wide variety of medical 
25 isotopes*. The production and environmental impacts associated with 
26 producing 30 different medical isotopes are evaluated in this document 
27 (Table 2-1). These candidate isotopes include those that the FFTF is most 
28 likely to produce for medical research and treatment applications (e.g., 
29 copper-67). The demand for these products is anticipated to significantly 
30 exceed future domestic or international production capacity . . Other isotopes 
31 (e.g., molybdenum-99) are included because the FFTF could provide a valuable 
32 · back-up production capability. Production of these isotopes could rapidly 
33 commence if a malfunction or other problem caused primary suppliers to shut 
34 down or curtail operations. Finally, there are isotopes (e.g., thorium-228 
35 and thorium-229) that are included on the list because these bound potential 
36 environmental consequences for the preferred alternative. 
37 
38 Medical isotopes are used to image the body and treat disease. Unlike 
39 conventional radiology, imaging with radioisotopes reveals organ function and 
40 structure, providing greater diagnostic data and early detection of 
41 abnormalities. In therapeutic applications, radioisotopes offer improved 
42 strategies for fighting cancer, heart disease, immune disorders, rheumatoid 
43 arthritis, other degenerative joint diseases, and infectious diseases such as 

44 ™ lnconel is a trademark of Huntington Alloys, lnco Alloys International, Inc. 

45 
46 

II 
53 

* As the medical isotope production program matures, the FFTF mission could be modified to allow the 
production of isotopes that have industrial as well as medical. applications._ For example, !he production of 
iridium-192 can be expanded beyond the medical grade product to produce the isotope for medical and 
industrial imaging applications (industrial demand for iridium-192 is projected to soon exceed production 
capacity). Similarly, the industrial demand for c~b~lt-60 _is projected to be much gre~ter !ha~ the domestic 
suppliers could produce. If the Food and Drug Administration expands the use of foo~ irradiation t~ 
increase the safety of the nation's food supply, the demand for cobalt-60 and other isotopes would increase 
several fold. 
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1 meningitis and AIDS. Because of these benefits, it is expected that the 
2 market demand for these medical isotopes will continue to grow as the field of 
3 nuclear medicine advances, and that FFTF could become an essential long-term 
4 supplier of these isotopes. As the medical isotope technology matures, 
5 additional isotopes might be identified for production in FFTF. Appropriate 
6 evaluations would be conducted at that time to ensure that the conclusions 
7 herein are still valid. 
8 
9 Fuel and/or tritium and medical isotope targets would be fabricated in 

10 existing facilities (i.e., FMEF, 306-E Building, and 325 Building) and 
11 irradiated in the FFTF . Fabrication could consist of several unit operations: 
12 receipt of raw materials (e.g., powdered oxides, stainless steel); 
13 .construction of pins and hardware; and placing necessary components into final 
14 fuel and target assemblies. There would be no reprocessing or subsequent 
15 reuse of spent mixed oxide fuel; the spent fuel would be stored on the Hanford 
16 Site pending the availability of a national repository. Irradiated tritium 
17 targets would be disassembled before packaging at FFTF, and would be 
18 transported from FFTF to the Tritium Extraction Facility for subsequent 
19 extraction and processing. 
20 
21 Irradiated medical isotope targets would be transported to the 
22 325 Building for required processing and shipment to one of three commercial 
23 distribution centers, i.e., Dupont-Merck (Boston, Massachusetts}, Amersham 
24 Mediphysics (Chicago, Illinois), and Mallinckrodt (St Louis, Missouri). 
25 Typical isotope processing activities involve disassembly of targets, chemical 
26 extraction, purification, and packaging for shipment. 
27 
28 The estimated cost to return FFTF to operation and establish fuel and 
29 target fabrication lines in the FMEF is $330 million (fiscal year 1996 
30 dollars). The projected annual FFTF and FMEF operating cost for the initial 
31 tritium production mission is approximately $90 million (fiscal year 1996 
32 dollars) . 
33 
34 The estimated cost to set up target fabrication and processing lines for 
35 medical isotopes and to develop the rapid retrieval system is between $40 and 
36 $50 million (fiscal year 1996 dollars). The projected annual cost for 
37 purchasing material for medical isotope target fabrication is between $5 and 
38 $15 million (fiscal year 1996 dollars). The projected annual operating cost 
39 for medical isotope target fabrication and processing is between $10 and 
40 $15 million (fiscal year 1996 dollars). The cost ranges for the startup, 
41 materials purchase, and annual operations reflect uncertainties in the types 
42 and quantities of medical isotopes that would be produced to meet the demands 
43 of the medical community. Medical isotope operating costs do not reflect the 
44 revenue that would be received from selling the medical isotope products to 
45 pharmaceutical distributors. It is anticipated that the sale of medical 
46 i sotope products would cover materials, fabrication, and processing costs and 
47 i n the near term could partially help subsidize reactor operations. 
48 
49 Combining both the interim tritium and medical isotope missions, the 
50 projected cumulative startup cost for the preferred alternative is between 
51 $370 and $380 million (fiscal year 1996 dollars). The projected average 
52 annual operating cost (excluding revenues from medical isotope sales) is 
53 between $105 and $120 million (fiscal year 1996 dollars). 
54 
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1 As depicted in Figure 2-2, a tritium supply and concurrent medical 
2 isotope production could be provided by July 2002 and a design goal tritium 
3 production capability by January 2004. 
4 
5 
6 2.2 UNIT OPERATIONS COMPRISING THE PREFERRED ALTERNATIVE 
7 
8 The preferred alternative of interim tritium and long-term medical 
9 isotope production at FFTF encompasses a wide range of activities and the use 

10 of various existing facilities on the Hanford Site . These activities are 
11 grouped into the following seven 'unit operations': FFTF operations, fuel 
12 fabrication, tritium target fabrication, medical isotope target fabrication, 
13 spent fuel management, irradiated tritium target management, and irradiated 
14 medical isotope management. The proposed actions associated with each unit 
15 operation, including a description of the related facilities, are provided in 
16 the following sections. 
17 
18 
19 2.2.1 Fast Flux Test Facility Operations 
20 
21 The preferred alternative is to achieve an annual tritium production 
22 goal capability of approximately 1.5 kilograms while concurrently producing 
23 isotopes for medical applications. Unirradiated fuel and targets would be 
24 received at FFTF for irradiation in the reactor. Following irradiation, the 
25 targets and spent fuel would be removed for washing (removal of residual 
26 sodium), disassembly, and/or transporting as follows. 
27 
28 • Spent fuel would be washed in the Interim Examination and Maintenance 
29 (IEM) Cell, loaded into a core component container (holds up to seven 
30 irradiated fuel assemblies), and placed into interim dry storage on 
31 the Hanford Site pending final disposition (i.e., national repository 
32 emplacement). 
33 
34 • Irradiated tritium targets would be washed in the IEM Cell, 
35 disassembled, loaded into a pin basket (a maximum theoretical 
36 inventory of 361 pins is assumed for bounding accident evaluations), 
37 and loaded into a Nuclear Regulatory Commission-licensed, Type B 
38 commercial fuel cask for shipment to the Savannah River Site. 
39 
40 • Irradiated medical isotopes would be transferred by an appropriate 
41 shipping container directly to the 325 Building for required 
42 processing, purification, and packaging. If sodium-wetted, the 
43 component would be transferred to the IEM Cell for washing and 
44 disassembly before transfer to the 325 Building. 
45 
46 At initial startup of the reactor, the core would be loaded with tritium 
47 test targets in the radial reflector region and reloaded with fuel from -the 
48 current FFTF fuel inventory (a nominal 25 weight percent plutonium 
49 enrichment). This inventory consists of unirradiated assemblies and 
50 irradiated assemblies with useful life remaining. There is enough remaining 
51 fuel to operate the reactor for approximately 1 and 1/2 years . This core 
52 configuration would enable core performance characteristics to be confirmed. 
53 Later, by increasing the plutonium concentration in the mixed_oxide fuel to a 
54 nominal 40 weight percent plutonium, targets could be placed 1n the core 

971120.1759 2-4 



HNF-1855, Draft B 

1 region as well as in the radial reflector region to achieve the desired 
2 tritium production rate. Test pins enriched to 40 weight percent plutonium 
3 have been irradiated and examined at the Experimental Breeder Reactor-II, near 
4 Idaho Falls, Idaho. Two full-sized FFTF tests with 33 percent plutonium 
5 enrichment successfully were irradiated to a high burnup of the fuel. Tritium 
6 production with the original fuel inventory would be les$ than the steady 
7 state production goal of 1.5 kilograms. Once the higher enrichment fuel 
8 supply is available and a full production complement of target assemblies is 
9 in the reflector and fuel region, full tritium production could commence at 

10 the desi~n rate of 1.5 kilograms per year. 
11 
12 Initially, there would be three core positions available for production 
13 of medical isotopes. One to three long-term isotope targets would be loaded 
14 into the core. These target assemblies would be similar to those previously 
15 irradiated in FFTF during earlier operations. The long-term targets would 
16 remain for a full cycle of operation (nominally 100 days) and would be removed 
17 when the reactor is shutdown for refueling. Short-lived isotopes would be 
18 irradiated for shorter periods in the reactor and would be removed with FFTF 
19 at full power. This would require installation of a transfer mechanism 
20 referred to as a rapid radioisotope retrieval system (hereafter referred to as 
21 a rapid retrieval system). The concept for this system would be similar to · 
22 retrieval systems that have been used at various research reactors around the 
23 world. The system would not interrupt or impact reactor operations or tritium 
24 production . Two of these rapid retrieval systems could be installed at the 
25 time FFTF restarts, depending on the design and construction schedule that 
26 would be established following the conceptual design phase. Initially, the 
27 combination of rapid retrieval and long-term targets at startup would not 
28 exceed the three positions allocated. 
29 
30 Other than installation of the two rapid retrieval systems (a general 
31 description of the new system is provided in Section 2.2.1.4.1), FFTF would 
32 not require any substantial new construction or modifications to support the 
33 proposed mission. However, selected systems and equipment would be upgraded 
34 · to increase reliability and operating efficiencies for a long-term production 
35 mission. These upgrades are discussed in Section 2.2 . 1.4.2. 
36 
37 FFTF operations would be centered around 100 day operating cycles. 
38 During outages, the reactor would be refueled, selected targets (both tritium 
39 and medical isotope) removed, and routine preventative maintenance activities 
40 conducted. The irradiation period for tritium target assemblies varies 
41 depending on their location within the core. Fuel, tritium targets, and 
42 long-term isotope targets would be handled in the same manner as fuel and 
43 other test components were handled during previous FFTF operations. 
44 
45 A brief description of FFTF and its capabilities, as well as a 
46 description of the interface of these systems with the proposed actions, is 
47 provided in the following section. The Environmental Statement for the Fast 
48 Flux Test Facility, Richland, Washington (WASH 1510) and the Summary 
49 Description of the Fast Flux Test Facility (HEDL 400) provide additional 
50 details regarding physical description and operation of FFTF. 
51 
52 2.2.1.1 Facility Description and Operations. FFTF includes the reactor, as 
53 well as equipment and structures for heat removal, containment, core component 
54 handling and examination, instrumentation and control, and for supplying 
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1 utilities and other essential services (Figures 2-3 and 2-4). The FFTF 
2 complex is an array of buildings and equipment arranged around a reactor 
3 containment building. 
4 
5 The reactor is located in a shielded cell in the center of the 
6 containment. Heat is removed from the reactor by liquid sodium circulated 
7 through three separate closed primary piping systems, referred to as loops, 
8 which include pumps, piping, and intermediate heat exchangers. These loops 
9 are located within cells in containment. Figure 2-5 is a cutaway of the 

10 containment building showing the location of the reactor, primary pumps, and 
11 heat exchangers. Three secondary sodium loops transport the reactor heat from 
12 the intermediate heat exchangers to the air-cooled tubes of the dump heat 
13 exchangers for dissipation to the atmosphere. 
14 
15 The FFTF includes areas for receiving, conditioning, storing, installing 
16 in, and removing from the reactor core all routinely removable core 
17 components, and for storing irradiated fuel. Examination and packaging 
18 capabilities also are provided. 
19 
20 Instrumentation and control equipment providEs monitoring and automatic 
21 control of the reactor and heat removal facilities; automatic reactor shutdown 
22 (scram) if pre-set limits are exceeded; and computerized collection, handling, 
23 retrieval, and processing of operating and test data. 
24 
25 Utilities and services include onsite emergency generation of electrical 
26 power (which drives critical equipment to cool the reactor during shutdown ~ 
27 conditions and to operate critical control systems), heating and ventilation, 
28 radiation monitoring, fire protection, and auxiliary cooling systems for cell . 
29 atmospheres and some components. Further details of the major systems 
30 required to support the preferred alternative are discussed in the following 
31 sections. 
32 
33 2.2.1.1.1 Reactor and Main Heat Transport System. The FFTF reactor 
34 (Figure 2~6) is positioned in a heavily shielded cell at the center of the 
35 domed Reactor Containment Building. Heat is removed from the reactor by 
36 liquid sodium circulating under low pressure through three primary cooling 
37 loops. Intermediate heat exchangers separate the radioactive sodium in these 
38 primary loops from the nonradioactive sodium in the secondary system. Three 
39 secondary sodium loops transport the heat from the intermediate heat 
40 exchangers to 12 dump heat exchangers, which are cooled by air. Figure 2-7 is 
41 a representation of one of the three cooling loops. 
42 
43 The FFTF does not have steam generators or a turbine plant like that 
44 found in a commercial reactor plant. This fact is considered a benefit to a 
45 tritium and medical isotope production mission because operation and 
46 maintenance costs will be lower, and production rates will not be tied to 
47 steam plant operations or availability. The term 'fast flux' refers to the 
48 high energy (speed) of the neutrons within the reactor core. These high 
49 energy neutrons coupled with the FFTF's relatively large power output allows 
50 the FFTF to produce many isotopes in amounts and purity levels not available 
51 from other reactors (refer to Appendix G.l). • 
52 
53 Sodium, with its excellent heat transfer capabilities, is used at the 
54 FFTF as the reactor coolant because sodium does not appreciably slow down the 
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1 fast neutrons; Sodium has a high boiling point (l,670°F} that permits the use 
2 of a low pressure system and minimizes the concern for pipe failure accidents. 
3 Additionally, sodium is noncorrosive. This increases equipment life and 
4 reduces activated corrosion products in the coolant systems, which results in 
5 reduced personnel exposure to radiation during operations and during reactor 
6 outages. The sodium is monitored continuously for purity and also is purified 
7 by on-line cold traps. The cold traps reduce the sodium temperature, causing 
8 impurities to crystallize out of solution. The sodium of the primary loops is 
9 monitored continuously to detect delayed neutrons emitted by fission products 

10 that would be released by failed fuel. · 
11 
12 The design of FFTF incorporates many safety features to ensure that 
13 unplanned events have minimal impact on public health, safety, and the 
14 environment. The core is designed to have a negative power coefficient over 
15 the operating range. This ensures that the reactor is neutronically stable 
16 during normal operation, and also helps to mitigate the consequences of 
17 reactor accidents. In addition, the reactor and heat transport system are 
18 designed to ensure adequate decay heat removal via natural circulation of the . 
19 sodium and heat rejection to ambient without any active systems. Redundant 
20 safety power systems, using seismically qualified station batteries and 
21 distribution hardware, provide power to monitor critical parameters. Sodium 
22 circulation capability is ensured even in the case of sodium leakage because 
23 guard vessels are included around all of the major primary components (reactor 
24 vessel, pumps, and intermediate heat exchangers), elevated piping is used 
25 outside of the guard vessels, and there are three totally independent and 
26 redundant secondary loops . 
27 
28 A plant protection system, consisting of both a reactor shutdown system 
29 and a containment isolation system, provides active protection in case an 
30 accident should occur. The reactor shutdown system is designed to . 
31 automatically shut down the reactor when any of several key parameters deviate 
32 significantly from their normal values. This system incorporates both 
33 redundancy and diversity (primary and secondary systems rely on totally 
34 separate and diverse instrumentation and actuate different sets of 
35 control/safety rods). The containment isolation system automatically isolates 
36 the containment building if high radiation levels are detected. 
37 
38 2.2.1.1.2 Containment and Other Structures. The reactor, primary heat 
39 removal system, and other systems containing primary system sodium are located 
40 in shielded, reinforced concrete areas (referred to as cells) within the 
41 reactor containment building. The principal feature of this building is the 
42 reactor containment vessel. 
43 
44 The reactor containment vessel is a steel shell 135 feet in diameter and 
45 186 feet-8 inches high, designed for an internal pressure of 10 pounds per 
46 square inch gauge. The shell is carbon steel and was built to the American 
47 Society of Mechanical Engineers P~essure Vessel Code. The operating floor is 
48 at grade level, with 77 feet 10-1/2 inches of the containment below grade. 
49 Equipment enters the reactor containment building through an equipment 
50 airlock, while personnel enter through a personnel airlock. 
51 
52 Within the reactor containment building, a polar gantry crane of 200-ton 
53 capacity and a jib crane provide access to all heat transport system cells 
54 through removable hatch plugs. 
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1 Concrete and steel support buildings surround the reactor containment 
2 building. The design reflects specific requirements to resist natural forces 
3 such as earthquakes, winds , and/or tornadoes. All support buildings are 
4 structurally independent of the reactor containment building. 
5 
6 2.2.1.1.3 Reactor Component Handling Process. The reactor core 
7 consists of 199 removable core components with exterior configurations in the 
8 form of hexagonal stainless steel ducts. Most of the core components are 
9 12 feet long, but the independently instrumented test assemblies are 40 feet 

10 long . 
11 
12 The principal core component handling and examination equipment includes 
13 three conditioning stations for incoming core components, two handling 
14 machines outside the reactor vessel, three handling machines and three fuel 
15 storage modules inside the reactor vessel, an interim decay storage vessel, 
16 the IEM Cell, the Fuel Storage Facility , and the cask loading station. 
17 
18 The FFTF reactor component handling process is shown in Figure 2-8, 
19 which depicts typical component handling operations. The closed loop 
20 ex-vessel machine moved fuel and test specimens into and out of the reactor. 
21 The bottom loading transfer cask moved fuel and test specimens to stations 
22 within containment and also moved irradiated core assemblies outside of 
23 containment to the Fuel Storage Facility or cask loading station. Incoming 
24 fresh fuel and target assemblies were received in the Reactor Service Building 
25 and moved into containment where the assemblies were inserted in the core 
26 component conditioning station and preheated in an oxygen free environment. 
27 After conditioning, the assemblies were transferred in an oxygen-free 
28 environment within the bottom loading transfer cask to the Interim Decay 
29 Storage vessel. Then, the closed loop ex-vessel machine moved the assemblies 
30 in sodium-filled core component pots to the reactor vessel and placed them 
31 into in-vessel storage modules. Three in-vessel handling machines within the 
32 reactor vessel moved the assemblies between the in-vessel storage modules and 
33 the reactor core. 
34 
35 After irradiation, the fuel and target assemblies were removed by the 
36 in-vessel handling machines and placed in the in-vessel storage modules. The 
37 closed loop ex-vessel machine was used to transfer the assemblies to the 
38 interim decay storage or to the IEM Cell. The bottom loading transfer cask 
39 transferred spent fuel from interim decay storage to the fuel storage vessel 
40 in the Fuel Storage Facility in an oxygen- free environment. 
41 
42 Equipment is available in the IEM Cell to wash residual sodium from fuel 
43 assemblies and to conduct post-irradiation examination. These existing 
44 processes and equipment would be used to support the proposed tritium and 
45 medical isotope production mission. 
46 
47 2.2.1.1.4 Interim Examination and Maintenance Cell. The IEM Cell is a 
48 shielded hot-cell complex located inside containment that provides a reliable 
49 means of conducting nondestructive examinations of test assemblies and core 
50 components under controlled argon atmosphere conditions. 
51 
52 IEM Cell contains equipment necessary for disassembly, reassembly, and 
53 requalification of test assemblies and components. Ceiling valves and an 
54 access plug are provided for transfer of core components and maintenance 
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1 equipment in and out of the cell. A sodium removal system also is located in 
2 the cell. Four levels of operating galleries provide visual access for 
3 remotely operating the in-cell equipment. 
4 
5 It is anticipated that approximately 77 tritium target assemblies, 
6 60 fuel assemblies, and up to three long-term isotope targets would be 
7 irradiated each year that would require residual sodium removal. For the 
8 preferred alterative, these components would be washed in the sodium removal 
9 system in the IEM Cell. The spent fuel would be loaded into a core component 

10 container and transferred to appropriate dry storage as discussed in 
11 Section 2.2.5. Washed targets would be disassembled and the pins repackaged 
12 into appropriate pin baskets . The pins would be transferred from the IEM Cell 
13 to the cask loading station located in the Reactor Service Building for cask 
14 loading and shipment to either the Savannah River Site (tritium pins) or the 
15 325 Building (medical isotope pins). The cask loading station would need to 
16 be reconfigured depending on which cask is being loaded. Based on current 
17 operating experience with the spent fuel offload project, the IEM Cell has 
18 sufficient throughput capacity to support this activity. The current 
19 processing time for seven components using existing methods and processes is 
20 13 working days. By processing assemblies around ~he clock, it would take 
21 260 days per year to process a nominal 140 assemblies, leaving 105 days for 
22 extra processing requirements and conducting maintenance activities. 
23 
24 2.2.1.1.5 Argon and Nitrogen Processing and Monitoring. Argon is used 
25 as the cover gas for the primary and secondary sodium heat transfer systems 
26 and as the atmosphere for cells and equipment where reactor components are 
27 handled. 
28 
29 The argon cover gas chemistry for the primary cooling system could 
30 monitor for a variety of substances, such as nitrogen to indicate leakage of 
31 air into the primary sodium system, hydrogen and hydrocarbons to indicate a 
32 potential pump oil leak, and oxygen to indicate a sampling system air leak. 
33 
34 Primary system argon also would be monitored to detect fuel pin 
35 failures. If a failure is detected, cover gas samples would be taken, the 
36 reactor shut down, the identity of the leaking assembly determined, and the 
37 assembly removed from the reactor core. Primary system argon is processed by 
38 the radioactive argon processing system. This system employs a large delay 
39 tank and cryogenically cooled charcoal delay beds to retain short-lived argon, 
40 xenon, and krypton radioisotopes until these have sufficiently decayed. The 
41 processed primary system argon is monitored for radioactivity and released via 
42 the combined exhaust to the atmosphere. 
43 
44 Nitrogen is used as the atmosphere for cells and pipeways that house 
45 piping and/or equipment containing primary system sodium to prevent a fire 
46 should a primary sodium leak occur. Nitrogen is monitored by redundant 
47 systems for radioactivity and released via the combined exhaust. If 
48 radioactivity is detected, the gas is processed by the cell atmosphere 
49 processing system in a delay tank and cryogenic system, similar to the 
50 radioactive argon processing system, to eliminate short-lived radioisotopes 
51 before release. 
52 
53 Secondary sodium system argon cover gas is released directly to the 
54 atmosphere. The secondary argon also is sampled for the same impurities as 
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1 the primary argon. Argon from the cells and equipment where spent fuel and 
2 other reactor components are handled is monitored and processed by the cell 
3 atmosphere processing system . 
4 
5 2.2 . 1.1.6 Instrumentation and Control. Stable, reliable manual and 
6 automatic control of the reactor is provided through ' control loops' for 
7 neutron flux, primary and secondary sodium flow, and dump heat exchanger 
8 sodium bulk outlet temperature. 
9 

10 When offnormal operating conditions occur, the automatic Plant 
11 Protection System will sense, initiate, and carry to completion, immediate 
12 shutdown (scram) of the reactor, and shutdown of primary and secondary pumps 
13 and dump heat exchanger fan motors. For some offnormal conditions, the Plant 
14 Protection System also will close valves in lines and ducts leading to the 
15 reactor containment vessel . The reactor also can be scrammed manually. 
16 
17 Audible and visible alarms are provided in ihe control room to a1ert the 
18 operators to the existence of a system abnormality so that corrective action 
19 can be taken. Telephone equipment is employed for communication and a 
20 specialized telephone system is provided for in-facility use. 
21 
22 2.2 . 1.1.7 Utilities and Auxiliary Systems. The utilities and auxiliary 
23 systems encompass such areas as electrical power, heating and ventilation, 
24 radiation monitoring, fire protection, and auxiliary cooling. Electrical 
25 power is supplied by the Bonneville Power Administration through two separate 
26 feeder lines at 115 kilovolts and 13.8 kilovolts, respectively. The voltage 
27 is stepped down at FFTF to 2,400 volts for the motors of the heat transport 
28 system main pumps and dump heat exchanger fans, and to 480 volts for other 
29 services. 
30 
31 If the offsite power supply is lost , a single gas turbine generator can 
32 supply 3,000 kilowatts, and the two FFTF emergency diesel generators together 
33 can supply a total of 2,200 kilowatts . In case these generators also are 
34 lost, batteries and battery-driven systems will supply sufficient electrical 
35 power to critical systems to ensure safe shutdown and control of reactor decay 
36 heat removal . 
37 
38 Auxiliary cooling of primary system cells and of some components 
39 normally is required because of the high operating temperatures of the reactor 
40 and heat transport system. Heat removed from these systems i s transported to 
41 forced draft, evaporative cooled, closed loop cooling towers and released to 
42 the atmosphere. Eight cooling towers are present, each with sufficient 
43 capacity so that the failure of one tower will not affect the operation of the 
44 system. All the makeup water to the cooling towers is automatically treated 
45 by anti-scaling and biocide chemical injection to minimize corrosion, scale, 
46 and biological growth on the cooling tower tubes. Blow down of the cooling 
47 towers is controlled by conductiv i ty which open and close solenoid valves that 
48 remove sump water from the cooling towers and discharge to the 400 Area 
49 process sewer effluent ponds. Replacement water is added by the cooling tower 
50 sump float valves from the makeup water. 
51 
52 2.2.1.1.8 Maintenance and Storage Facility. MASF (refer to 
53 Figure 1-1), collocated in the 400 Area with the FFTF, was designed as a 
54 multipurpose service center to support the specialized maintenance and storage 
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1 requirements of the 400 Area facilities. MASF provides the capability for 
2 residual sodium removal from large sodium-wetted components and non-fuel core 
3 components, decontamination, repair, and storage of non-fuel components and 
4 hardware for the FFTF and other 400 Area facilities. The sodium removal 
5 system has not been made operational. The sodium removal system could be 
6 needed in the future to support maintenance of large sodium-wetted components 
7 (e.g., sodium pump or in-vessel handling machine). 
8 
9 2.2.1.1.9 Process Water System. The process wastewater stream receives 

10 effluents from four facilities located in the 400 Area. They are the FMEF, 
11 MASF, the water pump house (481-A Building), and the FFTF cooling towers. The 
12 majority of the water discharged to the process wastewater system is blowdown 
13 water from the eight FFTF cooling towers and three FMEF cooling towers. The 
14 basic design of the cooling towers and the chemicals used are the same at both 
15 facilities. The discharges are regulated by State Waste Discharge Permit 
16 ST-4501. 
17 
18 The 400 Area process drain is a 12-inch diameter pipe originating in the 
19 approximate center of the 400 Area. The effluent wastewater generated in the 
20 four facilities enters the 400 Area Process Drain through five 6-inch diameter 
21 facility process drain lines. The effluent stream is monitored before 
22 discharge to the percolation ponds. The monitoring capabilities include 
23 continuous pH and conductivity measurements and a composite sampler. 
24 
25 The process drain line empties into 4608 Percolation Ponds Band C, 
26 located north of the 400 Area (refer to Figure 2-9). · The unlined ponds are 
27 50 feet by 100 feet at the base and have 4-foot-thick earth walls as shown in 
28 Figure 2-10. The drain line discharges into a diversion box built into the 
29 wall dividing the two ponds. Manually operated slide gates located on either 
30 side of the diversion box provide the capability to isolate a pond for 
31 maintenance. · The ponds are typically dry as the water quickly seeps into the 
32 earth. 
33 
34 2.2.1.2 New Reference Core. Because FFTF is an irradiation test reactor, the 
35 composition and arrangement of the core were varied to meet the wide range of 
36 testing requirements imposed during the 10 years of operation. The core was 
37 arranged in the form of nine concentric hexagonal rings of assemblies 
38 surrounding a central assembly. The central assembly is known as 'row l', the 
39 first ring surrounding the central assembly is known as 'row 2', and so on for 
40 a total of nine rows . The previous core configuration consisted of the first 
41 four rows, which are known as the 'inner enrichment zone', and rows 5 and 6, 
42 which are known as the 'outer enrichment zone'. These first six rows 
43 constituted the core's fueled (active) zone, which is 3 feet in axial length 
44 and 47.2 inches in equivalent diameter. The first six rows contained the 
45 driver fuel assemblies, nine control rod assemblies, and up to eight 
46 independently instrumented test assemblies. The active zone was surroun,ded by 
47 three rows (rows 7, 8, and 9) of assemblies consisting of reflectors and fixed 
48 shim absorber assemblies (although Row 7 also was designed for fuel). Rows 7, 
49 8, and 9 were surrounded by segmented radial shielding. 
50 
51 At the full design tritium production goal of 1.5 kilograms, the 
52 reference core would deploy lithium aluminate target assemblies. The target 
53 material would be enriched in lithium-6 to 95 percent of lithium atoms. Each 
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1 target assembly would contain 19 wire-wrapped target pins. The reference core 
2 target assembly is described in Section 2.2 .3. Target assemblies in the 
3 radial reflector region and those located in-core would be the same target 
4 design with appropriate length adjustments for the varying row 8B and row 9 
5 core positions. 
6 
7 In addition to the tritium target positions, there 'are three row 6 core 
8 locations reserved for medical isotope production assemblies. As described in 
9 Section 2.2.1.4.1, these might be long-term targets or rapid retrieval 

10 systems. The driver fuel assemblies would be based on the existing Series I 
11 and II 217 fuel pin bundle design, but incorporate fabrication/design 
12 improvements developed since the late 1970's. A sketch representative of the 
13 FFTF driver fuel assembly is given in Figure 2-11 and additional information 
14 on the new fuel supply is provided in Section 2. 2.2 . 
15 
16 During reactor defueling (completed in April 1995), as each fuel 
17 component was removed from the core, the component generally was replaced with 
18 a non-fuel core component (e.g., reflectors, control rods, etc) to maintain 
19 the geometry of the core . Therefore, there are 181 nonfuel components 
20 currently stored in the reactor core and 55 nonfuel components stored in 
21 in-vessel storage. Many of these reactor components would be removed to 
22 accommodate fuel loading (the exact number has not been determined at this 
23 time) and transferred to the IEM Cell where the residual sodium would be 
24 removed . The cleaned components would be packaged and loaded into large 
25 concrete disposal casks (disposable solid waste casks) using existing 
26 equipment and processes. The loaded casks would be transferred to existing 
27 onsite disposal facilities in the 200 Areas. This activity would require up 
28 to approximately 34 new casks. 
29 
30 2.2.1.3 Safety Review/Documentation. Licensing of FFTF under the regulations 
31 for commercial reactors was not a regulatory requirement . However, the Energy 
32 Research and Development Administration (a predecessor to DOE) requested a 
33 technical review by the Nuclear Regulatory Commission. As a result, the FFTF 
34 underwent a technical safety review by the Nuclear Regulatory Commission 
35 before initial operation. The final safety analysis report for the FFTF, 
36 issued in 1975, was reviewed by the Nuclear Regulatory Commission and the 
37 Advisory Committee on Reactor Safeguards . The Nuclear Regulatory Commission 
38 safety evaluation report and recommendations were issued in 1979, and all open 
39 issues were addressed before the start of operation in 1982. 
40 
41 Throughout the life of FFTF, the final safety analysis report has been 
42 maintained via approved change control and engineering change notices. All 
43 updates and revisions have had the required reviews and approvals. No 
44 deficiencies in the FFTF design, analysis, facility condition, or operations 
45 have been identified or recognized that would prevent FFTF from meeting the 
46 safety objectives and intent of commercial nuclear safety regulations for 
47 equivalent facilities . 
48 
49 2.2.1.4 Facility Modifications. Three positions would be reserved in the 
50 core for medical isotope production assemblies. These could be 
51 long-irradiation vehicles and/or rapid retrieval systems . These new systems 
52 would be installed before FFTF restart, pending completion of design and 
53 availability of funding. Upgrades that support production, a higher capacity 
54 factor, or provide contingency operation would be evaluated and implemented as 
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1 conditions and funding permit. These include modifications to FFTF fuel 
2 handling equipment and stations. A description of these modifications is 
3 provided in the following sections. 
4 
5 2.2.1.4.1 Medical Isotope Production Systems. The following describes 
6 the medical isotope production systems. 
7 
8 • Long-Term Irradiation Vehicle. Conceptually, the long-irradiation 
9 assembly used for production of long-lived isotopes would consist of 

10 a bundle of target pins installed inside a nozzle, duct, and handling 
11 socket assembly similar in appearance to an FFTF 12-foot-long fuel 
12 assembly (Figure 2-11). The bottom 4 feet (approximately) of the 
13 target pins would contain target material to be irradiated to form 
14 isotopes. The pins would be seal welded to prevent entry of sodium 
15 or escape of target materials or isotopes. The vertical center of 
16 this 4-foot section of the pin would be centered in the active region 
17 of the reactor core. Depending on the isotopes to be produced, the 
18 pin bundle also could contain moderator pins and neutron shield pins. 
19 The target assembly would be designed to ensure easy remote removal 
20 of the target pins from the assembly in the IEM Cell. A design that 
21 would allow reuse of the long-term irradiation assembly nozzle, duct, 
22 and handling socket hardware would be considered during the design 
23 process in an effort to reduce costs and the volume of radioactive 
24 waste. 
25 
26 The long-term irradiation assembly would be installed in the reactor 
27 during normal refueling operations and would be handled using the 
28 standard FFTF fuel and component handling equipment. On completion 
29 of irradiation, the assembly would be removed from the reactor 
30 following shutdown for refueling, and would be transferred to the 
31 IEM Cell using existing FFTF equipment. Following sodium removal, 
32 the target pins would be remotely removed from the target assembly ; 
33 If necessary for shipping and handling, the target pins would be 
34 designed to be remotely shortened to 4 feet or less in the IEM Cell 
35 without breaching the pin pressure boundary. Consideration would be 
36 given to the use of sodium-compatible low-activation cladding 
37 materials (e.g., zirconium alloy) to facilitate shipping, handling, 
38 and processing operations. The irradiated pins -would be shipped from 
39 the FFTF to the 325 Building using an appropriate transportation 
40 cask. 
41 
42 • Rapid Radioisotope Retrieval System. The rapid retrieval system 
43 would be used for the production of short-lived isotopes at FFTF. 
44 This system would allow target materials to be inserted and withdrawn 
45 from the reactor core region with the reactor operating at full 
46 power. Systems for routinely inserting and removing irradiation 
47 targets, nuclear instrumentation, and research hardware at an 
48 operating reactor have been in use at various research reactors 
49 throughout the world for years. Most of these systems use either a 
50 pneumatic 'rabbit' type system or a mechanical cable type system for 
51 insertion and retrieval. 
52 
53 Initially, up to two rapid retrieval systems would be installed at 
54 the FFTF reactor. These systems would be installed at existing 
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closed loop in-reactor assembly/open test assembly positions in row 6 
of the reactor core that are located under spool pieces in the 
reactor head. A preliminary concept for the rapid retrieval system 
would consist of three major components; a 40-foot-long in-reactor 
thimble assembly, a replaceable string or chain of isotope target 
carriers, and a target carrier insertion and retrieval system 
(Figure 2-12). 

The in-reactor thimble assembly consists of an upper 28-foot- long 
stalk and a lower duct and inlet nozzle assembly. This assembly 
would extend from the top of the spool piece on the reactor head, 
down through the core region, and would seat in the core basket, 
similar to previous long test assemblies irradiated in FFTF. 
A gas-filled pressure boundary tube or thimble, welded closed at the 
bottom end, would extend along the radial center line of the assembly 
from near the top of the spool piece down through the active core to 
at least 6 inches below the core . A liner tube(s) open at the top 
and bottom, and installed inside this pressure boundary tube, would 
provide a guide for insertion and retrieval of isotope target 
carriers . 

To preclude direct neutron streami~g from the core region to the area 
above the reactor head, the pressure boundary tube could be offset 
from the assembly center line for some distance, or could contain a 
spiral section to provide axial shielding below the top of the spool 
piece. A curved shielded guide above the spool piece also might be 
required to minimize radiation streaming. 

The pressure tube in the core region could be surrounded by yttrium 
hydride and shield material pins to moderate the neutron spectra 
within the thimble to enhance isotope production and to protect 
adjacent fuel assemblies. These pins and the outside of the gas 
filled pressure tube/thimble would be cooled by sodium flowing up 
through the in-reactor assembly . 

The target material s would reach relatively high temperatures due to 
nuclear heating within the thimble. To adequately contain the 
isotope target material and to minimize gross contamination , the 
target material would be placed in a short capsule (e.g., high 
purity, inert, low activation quartz). The capsules would need to 
pass through curved offset shielded sections to be positioned into 
the core region. This could be achieved by placing each capsule into 
a closed carrier. To reduce the weight and thickness of shielding 
required on the retrieval, shipping and irradiated target handling 
equipment, the target carriers would be made of a low-activation 
material such as a vanadium or zirconium alloy . Carriers would be 
linked to one another to make an articulated chain to allow for 
flexible insertion and retrieval from the reactor core. 

Target carrier insertion and retrieval system(s) would be installed 
external to the reactor to shuttle a target carrier chain into and 
out of the core region. This system could use some form of 
mechanical cable insertion and retrieval mechanism. Ideally, the 
insertion and retrieval system would load irradiated target chains 
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1 directly into the transportation cask. The IEM Cell could be used to 
2 separate the chain of target carriers should separation of certain 
3 isotopes be desired before shipment to the 325 Building. 
4 
5 In addition to irradiating solid (and molten) targets in the rapid 
6 retrieval system carrier chains discussed previously, gas targets 
7 also could be irradiated to produce short-lived isotopes. Two 
8 options would be evaluated for producing the gas-based isotopes. One 
9 option would involve one or more small diameter, thin-wall tubes 

10 routed down through the in-reactor thimble assembly into the active 
11 core region. These tubes would be connected via preheated and 
12 shielded tubes to a shielded ex-reactor gaseous isotope recovery 
13 system. The target gas would be introduced into the tubing under 
14 pressure and the gas would be circulated through the recovery system 
15 to extract the isotope produced. The practice of routing external 
16 gas lines into the active core region is not new at FFTF and has been 
17 used in several irradiation test assembly designs installed in the 
18 reactor. The materials open test assembly was a 40-foot long test 
19 assembly that used externally supplied gas mixtures to control 
20 material sample temperatures in the active core. The fusion 
21 materials open test assembly had this same arrangement, plus gas 
22 lines were routed to a glovebox for tritium sampling and gas 
23 analysis. 
24 
25 A second gas target option would involve irradiating capsules filled 
26 with a high pressure target gas. The gas filled capsules would be 
27 installed in a target carrier and become part of a typical target 
28 chain . 
29 
30 2.2.1.4.2 Systems/Equipment Modifications. Selected FFTF modifications 
31 would be performed to return systems to operation or to improve reliability, 
32 conformance to current standards, and efficiency. Most of these modifications 
33 would occur within FFTF and typically would consist of either mechanical 
34 upgrades to equipment or replacement of outdated control and computer systems. 
35 The following is a brief description of some of the activities being 
36 considered. 
37 
38 • Plant Protection System--Upgrade scram breakers, power supplies, and 
39 signal conditioners 
40 
41 • Zero-Time-Outage Motor Sets--Upgrade zero-time-outage motor generator 
42 sets with solid state electronic units 
43 
44 • Dump Heat Exchangers--Replace the damper position transmitters 
45 
46 • Plant Data System--Upgrade plant data system computers 
47 
48 • Closed Loop Ex-Vessel Machine--Upgrade the closed loop ex-vessel 
49 machine (refueling machine) control system 
50 
51 • Cooling Towers--Upgrade the conductivity metering system on three 
52 cooling towers. Replace the electronic sensors and controls 
53 
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1 • Chiller Controls--Upgrade chiller controls and refrigerant (change 
2 from ozone depleting to ozone free) 
3 
4 • Elastomer Seal Replacement--A program would be established to assess 
5 and replace elastomer seals during the start-up period, using 
6 advancements that have been made in seal technology 
7 
8 • Closed Loop Ex-Vessel Machine Assembly Grapple~-A closed loop 
9 ex-vessel machine grapple would be evaluated that could handle 

10 assemblies without using a core component pot 
11 
12 • Tritium Target Transfer Station--Addition of a tritium target 
13 transfer/storage station would be evaluated to improve handling 
14 logistics 
15 
16 • Medical Isotope Transfer Station--Addition of a medical isotope 
17 target transfer station would be evaluated to improve 
18 handling/processing logistics 
19 
20 • IEM Cell--Provide enhancements to facilitate target handling and 
21 disassembly 
22 
23 • Solid Waste Cask Upgrades--Evaluate the hoist drive system and 
24 consider replacement of the chain and redesign of the mechanical 
25 overload protection system in the hoist 
26 
27 • Simulator Upgrades--A program to upgrade the existing simulator to 
28 reach commercial simulator standards was in progress but was 
29 discontinued when FFTF was directed to be placed in standby in 1992 
30 
31 • Additional Office Space--lncreases in staffing might require 
32 additional office spaces, which would be provided by installing 
33 modular/portable office structures either within the 400 Area 
34 security fence or at the site of the previous Visitor's Center 
35 
36 • Direct Road Link From FMEF to FFTF--A short access road (less than 
37 1/2 mile) might be constructed to provide a direct link for ease of 
38 transport of fuel and targets from FMEF to FFTF : 
39 
40 2.2.1.5 Resultant Waste Streams. Management of various waste streams 
41 resulting from the FFTF proposed activities would be conducted in full 
42 compliance with applicable regulations, including the Resource Conservation 
43 and Recovery Act of 1976, the Clean Air Act of 1911; and U.S. Department of 
44 Transportation requirements, which would be in force at the time of the 
45 action. The solid and liquid effluents from the activities that contain 
46 radioactive and/or dangerous waste would be appropriately packaged. Primary 
47 consideration would be given to transportation of the waste to (and use of) 
48 existing Hanford Site treatment, storage, and/or disposal units. Offsite 
49 treatment, storage, and/or disposal facilities also would be considered as 
50 appropriate. The following is a brief description of the projected FFTF waste 
51 streams . 
52 ) 
53 • Airborne Emissions--Reactor operations would result in some airborne 
54 emissions. During reactor operation, radioactive gaseous effluents 
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1 would be controlled by the use of systems that allow radionuclides to 
2 undergo radioactive decay before release. High-efficiency filters 
3 would be maintained in a standby condition, and either would be 
4 valved in manually or would be automatically redirected on detection 
5 of high radioactivity levels in the air exhaust. Additionally, a 
6 system currently exists to automatically isolate the containment 
7 building air inlet and outlet on detection of high radiation in the 
8 containment building. Small quantities of airborne radionuclides 
9 including tritium, argon-41, and cesium-137 would be present. 

10 
11 • Solid Low-Level Radioactive Waste--Solid low-level radioactive .waste 
12 would consist of compactible and noncompactible solids, depleted ion 
13 exchange resins from fuel and target washing activities, hardware 
14 from tritium and isotope target disassembly, and spent non-fueled 
15 reactor components. Solid low-level waste would be packaged in 
16 appropriate containers or burial casks, and sent to the 200 Areas 
17 Low-Level Burial Grounds for disposal. 
18 
19 • Liquid Low-Level Radioactive Waste--Small quantities of liquid 
20 low-level radioactive waste would be generated from washing 
21 activities in the !EM Cell and decontamination activities at MASF, 
22 conducted in support of FFTF operations. This waste would be 
23 collected and transported to existing facilities in the 200 Areas for 
24 treatment, storage, and/or disposal. 
25 
26 • Dangerous Waste--Small quantities of dangerous waste as defined by 
27 Washington Administrative Code 173-303 would be generated from 
28 routine maintenance activities. Typical dangerous waste generated 
29 during previous reactor operation included spent solvents, ethylene 
30 glycol, cutting fluids, and paint-related waste. Waste would be 
31 reused, recycled, or appropriately packaged and managed as regulated 
32 waste. 
33 
34 • Process Wastewater--Nonradioactive process wastewater would be 
35 discharged to the 400 Area process wastewater system, which is 
36 permitted under the State of Washington Waste Water Discharge Permit 
37 No. ST 4501 (issued August 1, 1996). Only certain systems are 
38 allowed to discharge into the process wastewater system as defined in 
39 the permit. 
40 
41 • Sanitary Wastewater--Sanitary wastewater also would continue to be 
42 discharged from the 400 Area. In April, 1997, the Washington Public 
43 Power Supply System began to receive sanitary wastewater from the 
44 400 Area via an existing tie line. The Washington Public Power 
45 Supply System sanitary wastewater discharge and treatment system is 
46 regulated under the State of Washington Energy Facility Site 
47 Evaluation Council ResolLLtion No. 259. 
48 
49 • Solid Sanitary Waste--Solid sanitary waste consisting of nonregulated 
50 waste, mainly from office, lunchroom, and restroom trash cans, would 
51 continue to be generated. Waste would be disposed in municipal 
52 landfills . As with dangerous waste, recycling is performed whenever 
53 feasible to minimize solid waste generation and handling. 
54 
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1 • Spent Nuclear Fuel--Spent nucle~r fuel is regulated by the Atomic 
2 Energy Act of 1954 and is not considered, per the Act's definition, 
3 as a waste. Operation of the FFTF is expected to generate up to 60 
4 spent fuel assemblies annually. Management of the spent nuclear fuel 
5 is discussed in Section 2. 2.5. 
6 
7 
8 2.2.2 Fuel Fabrication 
9 

10 Fuel fabrication in the FMEF (assuming mixed oxides of plutonium and 
11 uranium) would consist of several unit operations. The raw materials would be 
12 received at the FMEF, fabricated into fuel assemblies , and transported to the 
13 FFTF for irradiation. The following sections provide additional details 
14 regarding facility description and necessary modifications to FMEF to support 
15 the proposed fuel fabrication mission . 
16 
17 2.2.2.1 Facility Description . The preferred alternative would provide a 
18 modern, seismically-qualified facility with enhanced security to fabricate 
19 fuel and target materials. The preferred alternative is to modify and use the 
20 existing FMEF in the 400 Area of the Hanford Site as the reactor fuel 
21 fabrication facility. 
22 
23 The FMEF is an existing structure that was specifically designed as a 
24 facility for handling substantial quantities of nuclear material and meets or 
25 exceeds DOE general design criteria (DOE Order 6430.lA, as augmented by 
26 Hanford Plant Standards) for seismic, safeguards, and security requirements 
27 (refer to Appendix B.l for a detailed description of the FMEF). The 
28 tornado-hardened construction and fully enclosed shipping and receiving area 
29 of the building provide a high level of environmental protection and security 
30 during all phases of receiving, processing, and shipping of sensitive material 
31 and hardware. The FMEF was designed and constructed specifically for reactor 
32 fuel element production and post- irradiation processing of spent driver fuel 
33 elements and test experiments. There are six main levels from 35 feet below 
34 grade to 70 feet above grade (Figures 2-13 through 2-18). Much of the FMEF 
35 houses hot cells intended for post-irradiat i on fuel and material examination 
36 work but was never used based on programmatic determinations. 
37 
38 The FMEF provides space for fuel fabrication and storage activities ; 
39 target and test pin fabrication and assembly; mechanical equipment for 
40 heating, ventilation, and air conditioning; a battery and switchgear room, and 
41 a truck lock. Driver fuel assemblies for the FFTF would be fabricated, as 
42 well as target assemblies for interim tritium and long-term medical isotope 
43 production . Test assemblies for research and development also could be 
44 fabri~ated in FMEF. 
45 
46 The fuel fabrication area would have the capabilities to handle mixed 
47 plutonium and uranium oxide fuel materials. The process scope also includes 
48 the storage of nuclear material in the form of powder, pellets, fuel pins, and 
49 fuel assemblies either in a critically safe storage pit or vault. Operations 
50 would include nondestructive assay (fo~ incoming nuclear material and waste), 
51 fuel preparation, end cap welding, pin finishing and inspection, and test and 
52 driver fuel assembly inspection . These activities are similar to activities 4_ 
53 proposed for but never executed in the FMEF (DOE/EA-0116S). 
54 
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1 The FMEF design is based on fabrication of mixed oxide fuel, highly 
2 enriched uranium fuel, and test/target assemblies for the FFTF reactor . 
3 Routine operations in the facility would involve fabrication of pellets by a 
4 series of mechanical and thermal processes in glovebox operations. The 
5 pellets would be loaded into pins that subsequently would be bundled together 
6 into driver fuel assemblies. Similar operations would b~ used for target and 
7 test pin fabrication and assembly. The FMEF also would have the capability to 
8 fabricate special test/target assemblies containing encapsulated material for 
9 FFTF irradiation. 

10 
11 The FMEF would be capable of receiving, storing, and processing the 
12 nuclear materials to be used for FFTF pin and assembly fabrication. Approved 
13 shipping containers would be received and unloaded in the truck lock and the 
14 materials transferred for interim storage until such time that the material 
15 could be nondestructively assayed and stored before pin and assembly 
16 fabrication. The FMEF would have the capability to transfer completed fuel 
17 and target assemblies to the FFTF. 
18 
19 The security systems associated with the current shrunken FFTF protected 
20 area are designed only for storage of reactor fuel and would not suffice when 
21 restart refueling activities begin. Further, because of the numerous changes 
22 in the FMEF and FFTF missions over the past several years, portions of the 
23 former FMEF/FFTF safeguards and security systems have either been abandoned 
24 in-place or have been removed and the equipment excessed. As a result, the 
25 safeguards and security systems would be upgraded or replaced based on need 
26 and latest technology. The current plan would combine the previously planned 
27 FMEF p~otected area, and former FFTF protected area, into a single protected 
28 area . Included in the design would be a new centrally located entry control 
29 facility that would replace the two existing entry control facilities (4701-A 
30 and 4701-C Buildings) and the alarm monitoring system originally located in 
31 4790 Building. 
32 
33 The advantages of a single protected area are fewer security force 
34 personnel, simplified logistics for the FFTF/FMEF maintenance organization, 
35 freedom of travel for assigned personnel between the contained buildings, and 
36 reduced costs associated with the movement of nuclear material between the 
37 facilities . 
38 
39 The FMEF has a history of NEPA documents analyzing the potential impacts 
40 from construction and operation of a nuclear fabrication facility. A brief 
41 discussion of these NEPA documents (ERDA 1977a; D0E/EA-0116) is provided to 
42 indicate that impacts related to similar missioris originally proposed for FMEF 
43 are comparable to those predicted for the preferred alternative. 
44 
45 The FMEF and the High Performance Fuel Laboratory originally were 
46 proposed to be constructed as separate facilities in the 400 Area of the 
47 Hanford Site and the environmental effects of both facilities were separately 
48 described and evaluated in the FMEF environmental impact assessment 
49 (ERDA 1977a) and the High Performance Fuel Laboratory final environmental 
50 impact statement (ERDA 1977b). However, for programmatic and economic 
51 reasons, it was decided that the two buildings should be combined. FMEF plans 
52 were modified to incorporate some of the features of the proposed High 
53 Performance Fuel Laboratory (which addressed pilot-scale breeder reactor fuel 
54 manufacturing processes, equipment, and handling systems) while retaining 
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1 essentially all of the capabilities of the original FMEF mission. The 
2 original FMEF mission was to perform nondestructive and destructive 
3 examinations of FFTF and other liquid metal fast breeder reactor program fuels 
4 and materials. An environmental assessment was prepared (DOE/EA-0116) to 
5 update the original FMEF environmental assessment (ERDA 1977a) and to address 
6 the potential environmental effects of the addition of certain High 
7 Performance Fuel Laboratory features into FMEF . 
8 
9 The FMEF combined mission was modified further to incorporate remote 

10 fuel fabrication and handling. An environmental assessment supplement was 
11 prepared for this "secure automated fabrication facility" (DOE/EA-0116S) . 
12 A determination was made that earlier NEPA documentation adequately addressed 
13 this project. Another program, in 1987, considered the assembly of 
14 radioisotope thermoelectric generators for space exploration vehicles. DOE 
15 determined that neither an environmental assessment nor an environmental 
16 impact statement were required for this program, because the predicted impacts 
17 were clearly insignificant (DOE 1988b) . 
18 
19 2.2.2.2 Facility Operations. Routine operations in the FMEF would involve 
20 fabrication of driver fuel assemblies using a mixture of plutonium dioxide and 
21 uranium dioxide (mixed oxide). It is expected that the existing unirradiated 
22 inventory of mixed oxide pins and powder would be fabricated into fuel 
23 assemblies once the fuel line is operational for use during the initial 
24 tritium isotope production phase. To meet full tritium design goal 
25 production, a new fuel supply (enriched to nominally 40 weight percent 
26 plutonium) would be fabricated. The following di~cussion summarizes those 
27 activities (shown schematically in Figures 2-19 and 2-20) necessary to convert 
28 raw oxide powder into fuel assemblies : 
29 
30 Routine operations in the FMEF would involve receipt of plutonium and 
31 uranium oxide powders at the FMEF. The materials would be transferred to 
32 appropriate storage, before fabrication of fuel pe 11 ets by a series of 
33 mechanical and thermal processes in glovebox operations. The pellets would be 
34 loaded into pins and subsequently bundled together into assemblies. These 
35 activities would take place in two locations in the FMEF: the FMEF Process 
36 Building and the FMEF Fuel Assembly Area (Figures 2-21 and 2-22). 
37 
38 The first major powder/pellet process step would be powder conditioning 
39 and pressing. The basic steps would include weighing, blending, and pressing 
40 the powder and binder into slugs. The slugs would be granulated, blended with 
41 binder addition, pressed into pellets, and transferred to the sintering/debind 
42 station, where the pellets would be weighed and subjected to a series of 
43 thermal processes to debind and sinter th~ pellets. · The sintered pellets 
44 would be characterized to ensure that specifications were met . 
45 
46 Acceptable peJlets would be transferred to the pin loading and welding 
47 station to be visually inspected before inclusion into a fuel pin. After 
48 inclusion, the fuel pins would be welded, thus encapsulating the pellets. Gas 
49 tagging of the pins could be conducted for enhanced monitoring. The fuel pins 
50 would be leak tested, inspected, and spacer wire wrapped before final assembly 
51 into the fuel bundle. 
52 • 
53 Pins released for final assembly operations would be transferred to the 
54 final assembly station where individual pins would be assembled into a fuel 
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1 bundle. The assembly would be welded and inspected. After all standard 
2 inspections and measurements were performed, the assemblies either would be 
3 placed in a storage area within FMEF or prepared for transfer to the FFTF. 
4 
5 2.2.2.3 Facility Modifications. There are two areas in the existing FMEF 
6 that would be used for fuel fabrication. The bulk of the fuel fabrication 
7 (i.e., taking the powdered oxide materials to completed pins) would be on the 
8 70-foot level of the main process building (Figure 2-18). As much existing 
9 equipment as possible, installed in the 1980 1 s for the remote fuel 

10 fabrication/handling (Section 2.2.2.1). would be used. The completed pins 
11 would be transferred to storage and placed into full assemblies in the Fuel 
12 Assembly Area, which is located on the ground level. 
13 
14 The modifications necessary to support initial powder, pellet, and pin 
15 assembly activities in the main process building would involve upgrading of 
16 existing equipment,. or installation of commercially available components. For 
17 example: (1) upgrading (or replacing), installing, and verifying viability of 
18 any existing equipment currently located on the 70-foot level of the main 
19 process building (e.g., gloveboxes, powder blenders, powder presses, furnaces, 
20 lathes, welders, and radiography equipment); (2) installation of analytical 
21 process chemistry station(s) (e.g., open face hoods or gloveboxes for 
22 analyses, which could support nondestructive testing and wet chemistry); and 
23 (3) modification of existing utilities to provide appropriate tie-ins (e.g., 
24 eye wash stations, plumbing for sanitary/deionized water, electrical outlets). 
25 
26 The Fuel Assembly Area presently is unoccupied space on the ground level 
27 where completed pins would be fabricated into full assemblies. Modifications 
28 to install (and operate) a mixed oxide fuel assembly fabrication line would be 
29 required. Those modifications include, installation of tables for inspection 
30 and/or assembly of fuel, installation of wire wrap machines, installation of 
31 radiography equipment, installation of open-face hoods, installation of 
32 dimensional inspection equipment, installation of a shipping container loading 
33 station, and modification of existing utilities to provide laboratory 
34 capabilities (e.g., eye wash stations, plumbing for sanitary/deionized water, 
35 electrical outlets). An artist's depiction of the finished Fuel Assembly Area 
36 is shown in Figure 2-22. · 
37 
38 2.2.2.4 Resultant Waste Streams. Management of various waste streams 
39 resulting from the FMEF proposed activities would be conducted in full 
40 compliance with applicable regulations, including the Resource Conservation 
41 and Recovery Act, the Clean Air Act, and U.S. Department of Transportation 
42 requirements, which would be in force at the time of the action. The solid 
43 and liquid effluents from the activities that contain radioactive and/or 
44 dangerous wastes would be appropriately packaged. Primary consideration would 
45 be given to transportation of the waste to (and use of) existing Hanford Site 
46 treatment, storage, and/or disposal units. Offsite treatment, storage, _and/or 
47 disposal facilities also would be considered, as appropriate. A brief 
48 description of the FMEF waste streams is provided as follows. 
49 
50 • Airborne Emissions--Fuel fabrication operations would result in some 
51 airborne emissions. During routine fuel fabrication operations, 
52 there would be no radioactive gaseous effluents and minimal 
53 particulate releases. High-efficiency particulate air filtration for 
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1 FMEF would m1n1m1ze emissions of mixed oxide powders, as well as 
2 solid process chemicals used during fabrication activities. 
3 
4 • Solid Low-Level Waste--Solid low-level waste would consist of 
5 compactible and noncompactible solids from fabrication activities . 
6 Solid waste would be packaged in appropriate containers or burial 
7 casks, and transferred onsite for storage and/or disposal. 
8 
9 • Liquid Low-Level Waste--Small quantities of liquid waste would be 

10 generated from fuel fabrication activities in the Process Building 
11 and Fuel Assembly Area, and would be packaged appropriately and 
12 transferred onsite for treatment and/or disposal. 
13 
14 • Dangerous Waste--Small quantities of dangerous waste as defined by 
15 Washington Administrative Code 173-303 would be generated from 
16 routine maintenance activities . Typical dangerous waste could 
17 include spent solvents, ethylene glycol, cutting fluids, and paint 
18 related waste. Waste would be reused, recycled, or appropriately 
19 packaged and managed as regulated waste . 
20 
21 • Process Wastewater- -Nonradioactive process wastewater would be 
22 discharged to the 400 Area proces~ wastewater system, which is 
23 permitted under the State of Washington Waste Water Discharge Permit 
24 No . ST 4501 (issued August 1, 1996). Only certain systems are 
25 allowed to discharge into the process wastewater system as defined in 
26 the permit . 
27 
28 • Sanitary Wastewater--Sanitary wastewater also would continue to be 
29 discharged from the 400 Area. In April, 1997, the Washington Public 
30 Power Supply System began to receive sanitary wastewater from the 
31 400 Area via an existing tie line. The Washington Public Power 
32 Supply sanitary wastewater discharge and treatment system is 
33 regulated under the State of Washington Energy Facility Site 
34 Evaluation Council Resolution No. 259. 
35 
36 • Solid Sanitary Waste--Solid sanitary waste consisting of nonregulated 
37 waste, mainly from office, lunchroom, and restroom trash cans would 
38 continue to be generated. Waste would be disposed in municipal 
39 landfills. As with dangerous waste, recycling is performed whenever 
40 feasible to minimize solid waste generation and handling. 
41 
42 
43 2.2.3 Tritium Target Fabrication 
44 
45 The preferred alternative would include modifications to the existing 
46 FMEF to provide a tritium target fabrication and assembly line; no radioactive 
47 material handling would be required . 
48 
49 2.2.3.l Facility Description. The major requirements would be security 
50 (discussed earlier in Section 2. 2. 2.1) and cleanliness (similar to that 
51 required for the fuel fabrication line). A description of FMEF is provided in 
52 Section 2.2.2 . 1. Modifications to FMEF would include installation of material 4 
53 handling stations [e.g . , bench top laboratory facilities, glovebox(es)], 
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1 handling equipment (e.g., lathe, welding equipment, x-ray system, and storage 
2 racks). These modifications are discussed in Section 2.2 .3.3. 
3 
4 2.2.3.2 Target Fabrication Operations. The FFTF tritium target design has 
5 been based on the commercial light water reactor lithium aluminate tritium 
6 target with some dimensional optimization for use in the FFTF. As shown in 
7 Figure 2-23, the FFTF target rod employs a barrier-coated (i.e., aluminized) 
8 stainless steel cladding with an outer diameter of approximately 1 inch. The 
9 active height of the absorber is about 48 inches. A nickel-plated zircaloy-4 

10 getter surrounds a solid lithium aluminate pellet. The reference FFTF tritium 
11 target assembly consists of 19 target rods (Figure 2-24). 
12 
13 Typical unit operations for fabrication of tritium targets would be 
14 similar to those associated with mixed oxide fuel fabrication (described in 
15 Section 2.2.2.2). Conceptually, the tritium target and driver fuel assemblies 
16 essentially would be identical except for the materials (lithium aluminate 
17 versus mixed oxide) and the diameter of the pins. Raw materials would be 
18 received at FMEF. Lithium aluminate powder would be pressed into pellets. 
19 Possibly, private sector vendors could supply the pellets and getter material. 
20 The pellets would be inserted into pins. The pins subsequently would be 
21 inserted into target assemblies and transferred to FFTF for irradiation. 
22 
23 Figures 2-25 and 2-26 provide a general description of FFTF tritium 
24 target pin assembly (initial and final). Figure 2-25 is a diagram of the 
25 process for assembling and inspecting an individual target pin. For initial 
26 inspection of the cladding tubes, the thickness of the barrier coating on the 
27 inside of each clad tube and clearances for lithium aluminate target material 
28 insertion would be measured. With one exception, the remaining pin assembly 
29 steps and inspections would be conventional processes used in the past for 
30 fabrication of FFTF test pins. The exception is use of a real-time x-ray 
31 process, instead of film x-ray, for inspection of end cap welds and component 
32 placement in the pin . 
33 
34 Figure 2-26 is a similar diagram of the final assembly process for 
35 combining the target pins into a complete FFTF core assembly. All the 
36 assembly steps and inspections essentially would be the same as used in the 
37 past for fabricating FFTF driver fuel assemblies and test article assemblies. 
38 
39 The main process stations include; pellet fabrication, pin fabrication, 
40 component inspection and storage, coating ·removal, eddy current testing, laser 
41 engraving, bottom end cap weld, pencil and pin loading, pin handling system, 
42 top end cap weld, x-ray, wire wrap, final inspection, leak test, and pin 
43 storage. Details regarding each station are provided in Appendix C. 
44 
45 2.2.3.3 Facility Modifications. The FMEF has several areas that could be 
46 used for tritium target fabrication. The key requirements for the location 
47 are security and cleanliness. Regardless of the location, facility 
48 modifications to install (and operate) a tritium target fabrication line would 
49 be required. Those modifications would include installation of commercially 
50 available equipment and minor modifications of existing utilities. For 
51 example: installation of material processing equipment (e.g., pellet presses, 
52 blenders); installation of material handling stations [e.g., bench top 
53 laboratory facilities, glovebox(es)]; tables; installation of handling 
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1 equipment (e.g., lathe, welding equipment, radiography); installation of 
2 storage racks; and, utility hookups. 
3 
4 The necessary modifications would be similar to those required to 
5 establish a fuel fabrication line (Section 2.2.2.3). Figure 2-27, a 
6 conceptual drawing for a facility to inspect components and assemble target 
7 pins, shows a concept of the process stations that are expected to be needed, 
8 and the approximate size and layout of each station. The main process is 
9 identified in Section 2.2.3.2. 

10 
11 2.2.3.4 Resultant Waste Streams. Management of various waste streams 
12 resulting from the FMEF proposed activities would be conducted in full 
13 compliance with applicable regulations, including the Resource Conservation 
14 and Recovery Act, the Clean Air Act, and U.S. Department of Transportation 
15 requirements, which would be in force at the time of the action. The solid 
16 and liquid effluents from the activities that contain dangerous wastes would 
17 be appropriately packaged. Primary consideration would be given to 
18 transportation of the waste to (and use of) existing Hanford Site treatment, 
19 storage, and/or disposal units. Offsite treatment, storage, and/or disposal 
20 facilities also would be considered, as appropriate. A brief description of 
21 the FMEF waste streams is provided as follows. 
22 
23 • Airborne Emissions--Target fabrication operations would result in 
24 some industrial-type airborne .emissions. During routine fuel 
25 fabrication operations, there would be no radioactive gaseous 
26 effluents and minimal particulate releases. High-efficiency j 
27 particulate air filtration for FMEF would minimize emissions of ~ 
28 lithium aluminate powder, as well as solid process chemicals used 
29 during fabrication activities. 
30 
31 • Solid Low-Level Waste--There would be no solid low-level waste 
32 generated due to target fabrication activities. 
33 
34 • Liquid Low-Level Waste--There would be no liquid low-level waste 
35 generated due to target fabrication activities. 
36 
37 • Dangerous Waste--Small quantities of dangerous waste as defined by 
38 Washington Administrative Code 173-303 would be 'generated from 
39 routine maintenance activities . . Typical dangerous waste could 
40 include spent solvents, ethylene glycol, cutting fluids, and paint 
41 related waste. Waste would be reused, recycled, or appropriately 
42 packaged and managed as regulated waste. 
43 
44 • Process Wastewater--Nonradioactive process wastewater would be 
45 discharged to the 400 Area process wastewater system, which is 
46 permitted under the State of Washington Waste Water Discharge P~rmit 
47 No. ST 4501 (issued August 1, 1996). Only certain systems are 
48 allowed to discharge into the process wastewater system as defined in 
49 the permit. 
50 
51 • Sanitary Wastewater--Sanitary wastewater also would continue to be ) 
52 discharged from the 400 Area. In April, 1997, the Washington Public 
53 Power Supply System began to receive sanitary wastewater from the 
54 400 Area via an existing tie line. The Washington Public Power 
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1 Supply sanitary wastewater discharge and treatment system is 
2 regulated under the State of Washington Energy Facility Site 
3 Evaluation Council Resolution No. 259. 
4 
5 • Solid Sanitary Waste--Solid sanitary waste consisting of nonregulated 
6 waste, mainly from office, lunchroom, and restroom trash cans would 
7 continue to be generated. Waste would be disposed in municipal 
8 landfills. As with dangerous waste, recycling is performed whenever 
9 feasible to minimize solid waste generation and handling. 

10 
11 
12 2.2.4 Medical Isotope Target Fabrication 
13 
14 The production of medical isotopes involves fabricating specially 
15 designed targets, irradiating the targets in the FFTF reactor core to generate 
16 specific medical isotopes, and processing the targets to prepare medical 
17 isotopes for shipment to customers. This section focuses on the first step in 
18 this process, the fabrication of the medical isotope targets . 
19 
20 The production of medical isotopes at the FFTF is not new. During 
21 FFTF's decade of operation (1982-1992), a number of medical isotope production 
22 runs were conducted. Of the nearly 40 different isotopes produced at FFTF, 
23 more than 60 percent had potential medical applications. The quantities of 
24 the various radioisotopes produced ranged from trace quantities to thousands 
25 of curies. Nearly all of the targets used to generate the isotopes were 
26 fabricated in the 325 Building. After irradiation in the FFTF, the medical 
27 isotopes were processed and purified in laboratories on the Hanford Site. 
28 
29 The FFTF is capable of producing about 70 different isotopes that have 
30 significant commercial value, two-thirds of these have direct medical 
31 applications. The current proposal to operate the FFTF to produce medical 
32 isotopes focuses on the top 30 medical isotopes that are candidates for 
33 production within the reactor. These 30 medical isotopes were selected based 
34 on demand and supply. This involved estimating both the current and future 
35 domestic and international demand for individual isotopes and current and 
36 future production capabilities for these products. 
37 
38 Each type of medical isotope would be produced using a purified target . 
39 Table 2-2 lists the type and form of the target material to be used to produce 
40 each medical isotope. In cases where the target material and the product 
41 i sotope are the same element, the target and the product cannot be chemically 
42 separated and the target material is shipped with the product. In cases where 
43 the target material and the isotope product are different elements, the target 
44 and isotope product can be chemically separated. Because the original target 
45 is not completely pure, there may be radioactive impurities that remain with 
46 the target material after the removal of the medical isotope product*. 
47 Because of these impurities, the reuse of the material will create targets 
48 that are slightly radioactive. As a result, the fabrication of targets using 
49 recycled target materials would require special handling. Shielding and 

50 * After chemical separation, ongoing decay can result in the formation 
51 of additional impurities in both the radioactive isotope product and target 
52 material. 
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1 special handling also is required for the radium-226 target material (used to 
2 produce actinium-227, thorium-238, and thorium-239); it is the only target 
3 material that is radioactive before irradiation in the FFTF. 
4 
5 Different targets need to be irradiated for different periods of time to 
6 produce the optimal quantity of medical isotopes. Long-lived medical 
7 isotopes, generally those with half lives of more than 40 days, would be 
8 produced by targets that are irradiated in the reactor core for at least one 
9 full 100-day operating cycle. These 'long-term irradiation targets' would be 

10 assembled at FMEF using the final assembly equipment associated with the 
11 fabrication of fuel and tritium targets (Sections 2.2.2 and 2.2.3, 
12 respectively). The assembly would be inserted into and removed from the 
13 reactor core while the reactor is shutdown. Short-lived medical isotopes also 
14 could be produced using targets that would be irradiated for a full 100-day 
15 operating cycle or could be irradiated for periods ranging from 1 day to 
16 60 days. To accommodate a period of irradiation that is shorter than the FFTF 
17 operating cycles, targets for some short-lived isotopes would be designed so 
18 that the targets could be assembled at either the 325 Building, 306-E Building 
19 or FMEF, inserted and removed from the reactor while the reactor is at full 
20 power (as described in Section 2.2.1.4.1). Targets used to produce 
21 short-lived medical isotopes must be removed from the reactor and processed 
22 rapidly so that the isotopes can be prepared for medical applications before 
23 too much of the desired product has decayed away. 
24 
25 Before beginning the fabrication of a target for a particular medical 
26 isotope, a significant quantity of the element that makes up the target needs 
27 to be on hand. For the nonradioactive targets, this material typically would 
28 be acquired from Oak Ridge National Laboratory, where enrichment processes are 
29 conducted to produce target material of sufficient purity to support the 
30 generation of medical isotopes. The enrichment process creates a material 
31 with a very high concentration of the desired element, though some impurities 
32 might remain from other stable isotopes of the same element. The 
33 nonradioactive targets would be transported by truck from the Oak Ridge 
34 National Laboratory to the Hanford Site. 
35 
36 The radioactive target material, radium-226, would not be supplied by 
37 · Oak Ridge National Laboratory. · However, radium-226 could be supplied by a 
38 variety of sources; no decision on particular supplier or suppliers has been 
39 made at this time. Once materials for the targets arrive on the Hanford Site, 
40 the materials would be stored until needed for fabrication into medical 
41 isotope targets. The nonradioactive target materials do not have special 
42 storage requirements and most likely would be stored at the fabrication site. 
43 Radium-226 would be stored in a new radium repository that is being built 
44 within the 325 Building (this is a planned activity that is not part of the 
45 preferred alternative). Special storage conditions are required because 
46 radium-226 generates radon gas. 
47 
48 Different types of target forms would be needed to make specific 
49 isotopes. These forms include a solid target for long-term irradiation and 
50 solid or gaseous targets for short-term irradiation as described in 
51 Section 2.2.1.4.1 (refer to Table 2-2 for a listing of the targets required to 
52 produce each medical isotope). 
53 
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1 For all types of targets, a cladding material would be needed to contain 
2 the target material for conditions in the reactor core. The cladding must be 
3 capable of withstanding temperatures of approximately l,500°F (from both 
4 thermal and radiation heating). At such high temperatures, some target 
5 materials could interact with potential cladding materials to form an alloy 
6 with a melting point that is lower than that of the original cladding material 
7 or the target material (i.e., eutectic compound). Cladding materials must be 
8 selected to avoid the formation of eutectics that could cause the cladding to 
9 fail under anticipated reactor conditions. The thermal expansion coefficients 

10 of the target cladding and target material must be within acceptable levels to 
11 preclude excessive swelling that could cause a target pin to fail. The target 
12 cladding material also should possess a small neutron activation cross-section 
13 in the predetermined neutron spectrum. The production of activation products 
14 within the cladding can complicate the handling of the target pins during 
15 processing and compromise the final purity of the medical isotopes products. 
16 
17 The most likely target cladding material for use in irradiation targets 
18 either would be vanadium or zirconium alloy . Both metals have good thermal 
19 properties. Zirconium cladding already is widely used in the nuclear 
20 industry. Another candidate material is titanium. All three of these 
21 materials have low activation cross-sections for FFTF applications. As a 
22 result, these cladding materials should not present significant target 
23 handling challenges. Stainless steel also is a cladding option, but 
24 activation products would complicate target handling. 
25 
26 2.2.4.1 Facility Description. Target fabrication operations would be 
27 conducted in the 306-E Building, 325 Building, and FMEF. The 306-E Building 
28 would be the primary fabrication facility for manufacturing nonradioactive 
29 target components. The 325 Building would be the primary site for the · 
30 fabrication of radioactive targets (targets containing radium-226 or recycled 
31 materials from previous irradiations). The FMEF would be the primary facility 
32 for combining components into their final target assembly. Support operations 
33 (e.g ., machine shop operations) could be conducted in other onsite facilities . 
34 
35 The 306-E Building is a development, fabrication, and testing facility 
36 designed to support work on FFTF and other test reactor core subcomponents. 
37 The building provides large, high-clearance and heavy floor loading space for 
38 specialty fabrication and development activities, including the assembly and 
39 inspection of nonradioactive reactor core elements. The 306- E Building is 
40 located in the north central portion of th~ 300 Area. Additional information 
41 on the 306-E Building is presented in Appendix B.2. The Safety Assessment 
42 Document for the 306-E Building (WHC-SD-GN-SAD-301) provides even more 
43 detailed information on the 306-E Building. 
44 
45 The 325 Building is designed to provide space for radiochemical research 
46 and to support other projects and programs being carried out of the Hanford 
47 Site . The 325 Building houses laboratories and specialized facilities 
48 designed for work with nonradioactive and radioactive materials. Additional 
49 information on the 325 Building is provided in Section 2.2.7.2 and 
50 Appendix B.3. The FMEF is described in detail in Section 2. 2.2 and 
51 Appendix 8.1. 
52 
53 2.2.4.2 Target Fabrication Operations . Solid targets would be fabricated in 
54 gloveboxes using a series of mechanical and thermal processes. For the solid 
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1 targets, it is unknown at this time if the powder would be loose or if the 
2 powder would be pressed and sintered into pellets. If it is preferable to 
3 have pressed and sintered pellets, this option would require separate dies and 
4 boats to press and sinter each type of solid target material to reduce the 
5 risk of cross contamination from other target materials. 
6 
7 If pellets are used, the first major step in their preparation would be 
8 powder conditioning and pressing. This would include weighing, blending, and 
9 pressing the powder and binder into slugs . The slugs would be granulated, 

10 blended with binder addition, and pressed into pellets. The pellets would be 
11 transferred to the sintering/debind station, weighed, and subjected to a 
12 series of thermal processes to debind and sinter the pellets. The sintered 
13 pellets would be subject to characterization to ensure that specifications 
14 were met. 
15 
16 Acceptable pellets would be transferred to the loading and welding 
17 station to be visually inspected before inclusion into a capsule or pin . For 
18 both powder or pellets target materials, capsules and pins would be cleaned 
19 before final closure. The capsules would be leak tested and inspected before 
20 being cleared for use. 
21 
22 Machine work required for the target fabrication could be performed at 
23 several different locations. The 325 Building contains a small machine shop 
24 that could be used for minor manufacturing work . The 350 Building in the 
25 300 Area is a modern machine facility; parts requiring complex machining 
26 probably would be completed in this facility. ~ 
27 , 
28 2.2.4.3 Waste Streams from Medical Isotope Target Fabrication. Medical 
29 isotope target fabrication would generate a small quantity of waste, most of 
30 which would be nonradioactive and nondangerous, similar to waste generated in 
31 any machine shop operation . Only one of the target materials would be 
32 radioactive , which could result in small amounts of radioactive or dangerous 
33 waste. 
34 
35 The waste streams generated during medical isotope target fabrication 
36 include the fo 11 owing . 
37 
38 • Airborne Emissions--Target fabrication could result in the generation 
39 of some nonradiological aerosols and radiological aerosols in the 
40 case of radium-226 powder. Building filtration systems would capture 
41 aerosols generated in target fabrication; thus, substantial 
42 quantities of particulate emissions are not anticipated. One target 
43 material, radium-226, produces radon gas. During target fabrication, 
44 radon gas would pass through a radon holding system before entering 
45 the exhaust system. 
46 
47 • Solid Low-Level Waste--T~e onl y radioactive target isotope being 
48 considered is radium-226 . This material is very expensive . 
49 Considerable care would be taken to recycle all of the radium-226 
50 used to produce medical isotopes. Consequently, radioactive waste 
51 generated as a result of the target fabrication operation, if any , 
52 would be extremely limited. Solid waste would be packaged in ( 
53 appropriate containers , and transferred onsite for storage and/or 
54 disposal. 
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Liquid Low-Level Waste--It is not anticipated that substantial 
quantities of liquid low-level radioactive waste would be generated 
as a result of the target fabrication. Any waste generated would be 
packaged appropriately and transferred onsite for treatment and/or 
disposal. 

Dangerous Waste--lt is not anticipated that substantial quantities of 
any dangerous waste would be generated as a result of the target 
fabrication operation. Waste would be reused, recycled, or 
appropriately packaged and managed as regulated waste. 

Process Wastewater--lt is not anticipated that process wastewater 
would be generated as a result of the target fabrication operation. 

Sanitary Wastewater--The sanitary sewer system serves the restrooms, 
change rooms, and lunchroom areas. The sanitary waste would be 
discharged into the existing sanitary sewer system. 

Solid Sanitary Waste--Solid sanitary waste consisting of nonregulated 
waste (mainly from office, lunchroom, and restroom trash), would 
continue to be gen~rated. Waste would be disposed in municipal 
landfills. As with dangerous waste, recycling is performed whenever 
feasible to minimize solid waste generation and handling. 

2.2.5 Spent Fuel Management 

The spent fuel would be managed in accordance with the existing facility 
processes. That is, as discussed in Section 2.2.1.1.3, after irradiation the 
spent fuel would be transferred from the reactor to Interim Decay Storage for 
short-term decay heat removal, and to the Fuel Storage Facility for continued 
decay heat removal and storage in an oxygen-free sodium environment. Once the 
fuel has decayed sufficiently to a nominal 250 watts or less decay heat per 
assembly (requires approximately 4.6 years), the fuel would be transferred to 
inert dry storage. 

37 The transfer of spent fuel to dry storage would use the existing FFTF 
38 equipment and procedures. The typical process · would consist of: 
39 (1) transferring the spent fuel from sodium storage to the IEM Cell for 
40 residual sodium removal using the existing fuel handling machines; (2) loading 
41 cleaned and dried spent fuel assemblies into a core component container; 
42 (3) transferring the container via a shielded and sealed transfer cask from 
43 the IEM Cell to the cask loading station in the Reactor Service Building for 
44 ·placement into a dry storage cask, such as an interim storage cask, or other 
45 appropriate receiving cask; and (4) transferring the sealed storage cask from 
46 the Reactor Service Building to a suitable storage location on the Hanford 
47 Site. As discussed previously, fuel decay heat would be limited such th~t 
48 when transferred to dry storage, no active cooling would be required, and many 
49 of the fission products and noble gases would have decayed substantially. 
50 
51 
52 
53 
54 

2.2.5.1 Sodium Removal Process. Because the spent fuel is stored in sodium, 
there are certain handling steps that must be performed to prepare the spent 
fuel for dry storage. In accordance with the existing fuel handling process, 
each assembly would be drained to remov~ the majority of the surface sodium. 
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1 Subsequent to draining, each assembly would be transferred to the IEM Cell for 
2 washing and drying in the sodium removal system to remove residual sodium. 
3 The sodium removal system would use existing equipment and procedures to 
4 ensure adequate removal of the residual sodium and drying of the spent fuel in 
5 preparation for dry storage. 
6 
7 The sodium removal system sequence would consist of first subjecting the 
8 fuel to a moist argon atmosphere to slowly react the residual sodium on the 
9 spent fuel assembly in a controlled manner . The initial reaction would be 

10 followed by several water rinses and, subsequently, the fuel would be dried. 
11 The sodium removal system would be equipped with a venting system that routes 
12 any gases to the existing contaminated gas processing equipment within the 
13 FFTF before being released to the environment. 
14 
15 Enhanced operating capability for this process was provided by 
16 installing an ion-exchange system for wash water recycle , resulting in 
17 substantial waste minimization. This system has reduced by 98 percent 
18 potential radioactive-liquid wastewater that otherwise would be generated 
19 during sodium removal. Based on current operating experience with the spent 
20 fuel offload project, the IEM Cell has sufficient capacity to process a 
21 nominal 140 assemblies per year as described in Section 2.2.1.1.4. 
22 
23 2.2.5.2 Core Component Container. The core component container (Figure 2-28) 
24 is a closed inerted container that would provide remote handling capability 
25 and storage positions for up to seven spent fuel assemblies. The core 
26 component container has six outer tubes each capable of holding a full-length 
27 spent fuel assembly. The central tube also would be capable of holding a 
28 spent fuel assembly if it is shortened by removing a non-fuel portion of the 
29 assembly . The core component container is fabricated from stainless steel and 
30 Inconel to provide long-term corrosion resistance. A metallic seal in the 
31 cover would provide enhanced contamination control of particulates during any 
32 future retrieval operations . 
33 
34 2.2.5.3 Interim Storage Cask. The interim storage cask (Figure 2-29) would 
35 provide long-term dry cask storage capacity for FFTF spent fuel. The interim 
36 storage cask, an aboveground storage cask, is designed to protect the public, 
37 the environment, and personnel from exposure during handling and interim 
38 storage of the FFTF spent fuel. As such, the interim storage casks are 
39 designed to meet applicable requirements (e.g., shielding, thermal loading , 
40 pressure, seismic and wind-loading events) per DOE Order 6430.lA, General 
41 Design Criteria, and 10 Code of Federal Regulations (CFR) 72, Licensing 
42 Requirements for Independent Storage of Spent Nuclear Fuel and High-Level 
43 Radioactive Waste . The interim storage cask design was performed by General 
44 Atomi~s, a qualified vendor with previous Nuclear Regulatory Commission 
45 licensing experience, and was modeled after approved U.S. Nuclear Regulatory 
46 Commission designs for spent commercial fuel, although formally not licensed 
47 by the Nuclear Regulatory Commission for the DOE-owned FFTF fuel. 
48 
49 Aboveground dry cask storage currently is used both nationally (e .g. , 
50 by Virginia Power at the Surrey and North Anna plants), and internationally 
51 (e.g., nuclear power plants in Canada and Europe). The concept has been ( 
52 thoroughly studied and documented. Additional details pertaining to this mode 
53 of operation for interim storage can be found in the Final Version Dry Cask 
54 Storage Study (DOE 1989) . Storage would be on an interim basis pending final 
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1 disposition, consistent with the Fjnal Envjronmental Impact Statement: 
2 Department of Energy Programmatjc Spent Nuclear Fuel Management and Idaho 
3 Natjonal Engjneerjng Laboratory Envjronmental Restoratjon and Waste Management 
4 Programs (DOE/EIS-0203F). 
5 
6 The interim storage cask design consists of a passiyely ventilated 
7 concrete and steel shielded cask, with a stainless steel confinement boundary. 
8 Each interim storage cask cavity accommodates storage of one core component 
9 container. - After loading the core component container into the interim 

10 storage cask, the shielded cover would be installed and bolted down. Two 
11 metallic seals in the cover would be leak tested to verify the seals are 
12 functional and the cask cavity would be backfilled with high purity inert gas 
13 to provide an oxygen and moisture free dry storage environment. Once the 
14 exterior dose rates have been verified to be acceptable, the cask would be 
15 transferred via tractor/trailer to the interim storage area. At the interim 
16 storage area, minimal maintenance would be required and would include periodic 
17 monitoring of the casks. The maximum weight of the loaded cask would be 
18 approximately 114,200 pounds. 
19 
20 2.2.5.4 Interim Storage Area. The interim storage area (Figure 2-30) is 
21 located adjacent to the FFTF at the far northeast corner of the 400 Area. 
22 This location consists of a 513 feet by 247 feet totally fenced area with 
23 perimeter lighting that has been designated for aboveground dry cask storage 
24 of spent fuel. The fenced area is locked to limit access. Cask storage 
25 positions within the interim storage area would be controlled to ensure that 
26 the dose rate at the fence boundary would limit radiation exposure to 
27 nonradiation personnel. An existing concrete pad, which measures 90 feet by 
28 120 feet or 10,800 square feet would be used for cask storage. Because of the 
29 current fence dose rate limitation (0.05 millirem per hour), only 7,056 square 
30 feet of the total pad area would be usable resulting in a storage capacity of 
31 approximately 49 interim storage casks. 
32 
33 With the existing inventory of 30 interim storage casks, it is 
34 anticipated that additional dry storage capacity would not be needed until 
35 approximately 4 to 5 years after commencement of reactor operations or 
36 possibly longer with improvement on efficiency of storage at the Fuel Storage 
37 Facility. Assuming 30 years of reactor operations, it is projected that 
38 approximately 300 additional interim storage casks would be needed to 
39 accommodate dry storage of the spent fuel inventory. Given that the economic 
40 viability for interim storage cask storage was driven primarily by the 
41 critical path FFTF shutdown schedule, and that the dry storage capacity 
42 requirements for the proposed option are not schedule limited, it is 
43 anticipated that other potential dry storage options would be considered. 
44 Other dry storage options could include, but are not limited to, vault storage 
45 or larger commercial size casks that have been previously studied by DOE for 
46 interim storage of both solidified high-level waste (WHC-SD-WM-SP-011) and 
47 other DOE spent fuel on the Hanford Site (WHC-SD-CP-ES-155). Other options 
48 only would be considered if determined to be more economically feasible and 
49 would comply with the established criteria for spent fuel storage. 
50 
51 Additional storage capacity based on interim storage casks would consist 
52 of additional arrays of casks located on an outdoor concrete storage pad in a 
53 suitable interim storage area located on the Hanford Site. Approximately 
54 144 square feet of storage pad space currently is used for each interim 
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1 storage cask at the 400 Area interim storage area. Therefore, 43,200 square 
2 feet of concrete pad, plus minimal pad space to accommodate crane and 
3 tractor/trailer access, would be needed for the additional 300 interim storage 
4 casks. Extension of the concrete pad within the existing 400 Area interim 
5 storage area would accommodate storage of approximately 210 additional casks 
6 for a total area capacity of 259 interim storage casks. Additional fenced 
7 area and pad space would be installed, if necessary, adjacent to the interim 
8 storage area to accommodate the remaining casks. 
9 

10 The current planning basis for the existing FFTF spent fuel calls for 
11 short-term pre-interim storage in interim storage casks at the 400 Area 

. 12 interim storage area with planned future relocation of the interim storage 
13 casks to the 200 East Area Canister Storage Building Complex (Figures 2-31 arid 
14 2-32) (the interim storage cask was designed for onsite transport). 
15 Therefore, it is anticipated that this planning basis would be expanded to 
16 include the FFTF spent fuel inventory associated with the proposed activity. 
17 Consequently, the 400 Area interim storage area expansion might not be 
18 necessary, but could be used as a short-term staging area, if necessary, 
19 before transferring the interim storage casks to the 200 Area interim storage 
20 area for consolidation. Further details regarding the 200 Areas interim 
21 storage area planning basis are described in Environmental Assessment: 
22 Management of Non-Defense Production Reactor Spent Nuclear Fuel, Hanford Site, 
23 Richland, Washington (DOE/EA-1185). 
24 
25 The spent fuel would remain on the Hanford Site pending final 
26 disposition (i.e., final repository emplacement). It is anticipated that the ) 
27 40 weight percent enriched FFTF fuel would meet the acceptance criteria for 
28 permanent offsite repository storage. Although, the final criteria have not 
29 been established at this time, the FFTF fuel is not expected to represent the 
30 bounding case for DOE-owned fuel. 
31 
32 
33 2.2.6 Irradiated Tritium Target Management 
34 
35 The irradiated tritium targets would be managed in a similar fashion as 
36 the spent fuel. That is, as discussed in Section 2.2.1~1.4, the irradiated 
37 tritium targets would be transferred from sodium storage to the IEM Cell where 
38 residual sodium would be removed by washing in the sodium removal system. The 
39 washed target would be disassembled and the pins loaded into a pin basket. 
40 The pin basket would be transferred from the IEM Cell to the cask loading 
41 station in the Reactor Service Building using an existing transfer cask (i.e., 
42 the solid waste cask). The pin basket would be transferred to an U.S. Nuclear 
43 Regulatory Commission-licensed Type B commercial fuel cask for transport to 
44 the Tritium Extraction Facility, located at the Savannah River Site. It is 
45 expected that all transportation would occur by truck. A draft EIS for the 
46 Tritium Extraction Facility is anticipated to be issued early in calendar year 
47 1998 (DOE/EIS-0271, in preparationl . ·· 
48 
49 The conceptual design report for the new Tritium Extraction Facility 
50 (CDR 98-D-25) indicates that this facility would receive commercial tritium 
51 rods in a radioactive shipping cask containing the shipping container. The ( 
52 shipping container/tritium target rod basket would be removed from the cask 
53 and _ placed in storage until processing. Subsequently, the basket with tritium 
54 rods would be moved to a preparation module and into the furnace module. The 
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1 tritium gas (with impurities) released in the furnace would go to a 
2 transporter module that moves the gas to the existing Tritium Recycle Facility 
3 (233-H Building). It is anticipated that the FFTF tritium pins would be 
4 handled in a similar manner and likely be bounded by NEPA analyses that will 
5 be completed for the processing of commercial reactor irradiated tritium rods 
6 at the Tritium Extraction Facility. The FFTF EIS scope would address the 
7 irradiation, handling, and transportation of the pins to the Savannah River 
8 Site. Processing of the FFTF pins in the Tritium Extraction Facility would 
9 need to be addressed in Savannah River's NEPA documentation. 

10 
11 The irradiated hardware (e.g., sockets, ducts, etc . ) that remain after 
12 the tritium targets are disassembled, could be disposed of as low-level waste 
13 in the disposable solid waste cask, a large concrete shielded disposal cask, 
14 using existing methods and equipment. Assuming a 30-year life cycle and 
15 80 components per year, this would require procurement of approximately 
16 343 disposable solid waste casks. Several waste minimization concepts would 
17 be considered, including but not limited to the following: 
18 
19 • Design of a fully reusable assembly for both tritium and 
20 long-irradiation vehicle targets. This would reduce the amount of 
21 new hardware needed and reduce the amount of material to be disposed 
22 
23 • Recycle of some portion of the activated stainless steel. Remelting 
24 of activated steel is conducted commercially, forming activated steel 
25 into shapes suitable for reuse for applications such as radiation 
26 shielding 
27 
28 • Waste compaction 
29 
30 • Alternate burial cask design. 
31 
32 Disposal of the waste in disposable solid waste casks provides bounding 
33 consequences for cost, quantity of waste generated, and personnel exposure. 
34 
35 
36 2.2.7 Irradiated Medical Isotope Target Management 
37 
38 The preferred alternative is to transport irradiated medical isotope 
39 targets from the FFTF to the 325 Building for processing, packaging, and 
40 shipment of the product isotopes to one of the three designated medical 
41 isotope distribution centers. 
42 
43 Long-term irradiation targets could be removed from the reactor at the 
44 end of a typical 100-day operation cycle or could remain for additional 
45 irradiation cycles. The method for removing a long-term medical isotope 
46 target assembly from the reactor core, transporting the assembly to the IEM 
47 Cell, and removing residual sodium is comparable to the method employed for 
48 fuel and tritium target assemblies (described in Section 2.2.5). The medical 
49 isotope target assemblies would be taken apart and the ends of the target pins 
50 would be removed. The remaining 3- to 4-foot- long portions of the target 
51 would be prepared for removal from the IEM Cell and placement in a shielded 
52 transfer cask. 
53 
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1 Short-term irradiation targets would be removed from the reactor core 
2 using the rapid retrieval system. Insertion and removal of targets routinely 
3 would occur while the reactor was at full power. Sodium removal is not 
4 required because the short-term irradiation targets never come into contact 
5 with the reactor coolant. Target capsules could be loaded directly into a 
6 shielded transfer cask or first could be moved to the IEM Cell to facilitate 
7 the separation of different types of target capsules from the carrier chain. 
8 
9 Once in shielded transfer casks, medical isotope targets would be moved 

10 into the FFTF's Reactor Service Building and packed into an approved 
11 transportation cask. The cask would be loaded onto a truck for shipment to 
12 the 325 Building. The transportation distance from the FFTF to the 
13 325 Building is 9 miles . 
14 
15 At the 325 Building, the truck carrying the transportation cask would 
16 enter the building truck lock. The transportation cask would be off-loaded 
17 from the vehicle using the truck lock bridge crane. The crane would move the 
18 cask into the building cask handling area and the cask would be mated to a hot 
19 cell. Medical isotope targets would be unloaded from the cask and the 
20 processing of the targets would begin . For solid targets, the first step in 
21 processing would be to physically separate the target material from the 
22 surrounding cladding. Chemical separations would be available to assist in 
23 the removal of residual cladding material. Once the target material was fully 
24 removed from the cladding, a number of different processing options would 
25 exist depending on . the particular medical isotope. 
26 
27 Within an appropriate fume hood, glovebox, or hot cell, chemical 
28 separation techniques would be used, as needed, to extract the medical 
29 isotopes. This process of separating out and purifying medical isotopes could 
30 involve a number of steps (Tables 2-3 and 2-4). More detailed information on 
31 the processing of medical isotopes is presented in Appendix G.2 . For those 
32 targets in which the original target material and the desired product are 
33 isotopes of the same element, chemical processing simply would involve 
34 dissolving the target in nitric acid. The product and target material could 
35 be extracted and shipped together as these are chemically identical. For some 
36 of these targets, additional chemical separations would be required to remove 
37 unwanted decay products from the target material (e.g ., the medical isotope 
38 cadmium-109 is obtained from cadmium-108 target material~ chemical separations 
39 are required to remove silver-109 impurities from the cadmium target 
40 material). For other types of target material, more elaborate chemical 
41 separations would be required; particularly for those medical isotopes that 
42 are not created from a non-radioactive isotope of the same element. In these 
43 cases, it would be cost-effective to separate and reuse the target material . 
44 To ensure the purity of the medical isotopes, target material likely would be 
45 processed using facilities and equipment that are dedicated to the isotope 
46 being extracted. 
47 
48 After chemical separation processes are completed, the medical isotope 
49 product would be subject to analytical assessment to verify the purity of the 
50 product. Medical isotope products that have been processed and assessed would 
51 be shipped to one of three designated distribution centers (refer to 
·52 Section 2.1). To facilitate safe shipment, medical isotopes would be placed 
53 into appropriate accident-resistant packaging. Passenger aircraft or air 
54 express .shipping services would be used to ensure the rapid delivery of 
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1 short-lived medical isotope products. The level of radioactive emissions from 
2 the package would be within federal standards for this mode of transportation 
3 (refer to 49 CFR 175 and Section 4.2.8.3). 
4 
5 Some of the longer-lived isotopes obtained during processing could be 
6 archived for future use. In particular, some isotopes might be kept in the 
7 325 Building for extended periods (i.e., potentially many years) to allow for 
8 the formation of decay products that have medical applications. These decay 
9 products would be extracted (i.e., 'milked') from the archived product 

10 periodically. This process also might take place at radiopharmaceutical 
11 houses or hospitals. 
12 
13 2.2.7.1 325 Building Description. The 325 Building is designed to provide 
14 space for radiochemical research and to support other projects and programs 
15 being carried out on the Hanford Site. The 325 Building houses laboratories 
16 and specialized facilities designed for work with nonradioactive materials, 
17 microgram-to-kilogram quantities of fissionable materials, and up to megacurie 
18 quantities of other radionuclides. A detailed description of the 325 Building 
19 is provided in Appendix B.3. 
20 
21 2.2.7.2 325 Operations Description. The 325 Building has been operating 
22 since construction was completed in late 1953. During over 40 years of 
23 operations, there have been no substantial releases of radioactive or 
24 hazardous materials to the environment, overexposure of workers to radiation 
25 or radioactive materials, or major industrial fires. 
26 
27 Because the 325 Building is a research facility, the work conducted in 
28 the building changes according to programmatic needs. Typically, from 20 to 
29 40 projects are being conducted simultaneously in the building. Work recently 
30 performed, currently under way, or planned includes process research 
31 development and demonstration; analytical chemistry research and services; and 
32 treatment of radioactive, dangerous, or mixed waste. Receipt, processing, and 
33 chemical separation, and purification of product medical isotopes is an 
34 activity that has been conducted routinely at the 325 Building during previous 
35 FFTF operation (albeit, not on the scale proposed by this action). 
36 
37 Current activities within the 325 Building involve material handling 
38 practices, waste management operations, and the offsite shipment of products 
39 that would be typical of the work required to process medical isotopes from a 
40 restarted FFTF. Activities in support of the proposed medical isotope project 
41 are not expected to adversely affect other projects scheduled for the 
42 325 Building (including both Hanford Site and non-Hanford Site work). 
43 
44 The handling and processing of medical isotopes and associated waste 
45 products would involve work at multiple locations within the 325 Building. 
46 With up to 30 different isotopes being processed over an extended period of 
47 time, a number of new gloveboxes ~nd fume hoods might be needed within the 
48 325 Building. To avoid cross-contamination between products and to ensure the 
49 purity of the medical isotope products, separate equipment likely would be 
50 needed to process each different isotope (including fume hoods, gloveboxes, 
51 and associated tools). To handle the increased flow demands that new fume 
52 hoods would place on the 325 Building's ventilation system, an upgrade to the 
53 ventilation system might be required (even when not in operation, fume hoods 
54 need to be maintained at negative pressure by the building's ventilation 
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1 system) . The existing hot cells would serve all of the proposed project 
2 requirements. Modification to the 325 Building to support medical isotope 
3 work would occur within the confines of the existing structure; no external 
4 construction is planned. 
5 
6 2.2.7.3 Resultant Waste Streams. Management of various waste streams 
7 resulting from the proposed activities in the 325 Building would be conducted 
8 in full compliance with applicable regulations, including Resource 
9 Conservation and Recovery Act, the Clean Air Act, and U.S. Department of 

10 Transportation requirements, which would be in force at the time of the 
11 action. The solid and liquid effluents from the activities that contain 
12 radioactive and/or dangerous wastes would be packaged appropriately. Primary 
13 consideration would be given to transportation of the waste to (and use of) 
14 existing Hanford Site treatment, storage, and/or disposal units. Offsite 
15 treatment, storage, and/or disposal facilities also would be considered as 
16 appropriate. The following is a brief description of the 325 Building waste 
17 streams. 
18 
19 • Airborne Emissions--The control and monitoring of the airborne and 
20 gaseous radioactive material that is routinely exhausted to the 
21 atmosphere are addressed in the facility effluent monitoring plan 
22 (PNL-MA-661). Control features ensure that emissions do not exceed 
23 the concentration guides specified in DOE Order 5400.5, 40 CFR 61, 
24 and PNL-MA-8 for uncontrolled areas and maintain the emission as far 
25 below these guides as is reasonably achievable. The effluent stream 
26 in the exhaust stack is monitored and/or sampled to determine 
27 releases of alpha- and beta-emitting radionuclides, iodine-131, and 
28 tritium, in accordance with federal and state regulations. 
29 
30 Nonradioactive constituents of airborne and gaseous waste are 
31 controlled by administrative procedures to meet federal, state, and 
32 local requirements. 
33 
34 • Solid Low-Level Waste--Solid low-level waste would consist of 
35 compactible and noncompactible solids from medical isotope processing 
36 activities. Solid waste would be packaged in appropriate containers 
37 or burial casks, and sent to existing onsite facilities for storage 
38 and/or disposal. 
39 
40 • Liquid Low-Level Waste--Liquid waste would be generated from medical 
41 isotope processing activities, packaged appropriately, and 
42 transferred to existing onsite facilities for treatment and/or 
43 disposal. 
44 
45 • Dangerous Waste--Dangerous waste as defined by Washington 
46 Administrative Code 173-303 could be generated from processing 
47 activities as well as routine maintenance activities. Typical 
48 dangerous waste could include spent solvents, ethylene glycol, 
49 cutting fluids, and paint related waste. The waste would be reused; 
50 recycled, or appropriately packaged and managed as regulated waste. 
51 
52 • Process Wastewater--The retention process sewer is connected to ( 
53 cooling water drains, floor drains, and laboratory chemical 
54 wastewater systems that normally are free of radioactive 
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1 contamination but have a potential for becoming radioactively 
2 contaminated. The retention process sewer is routed to a diversion 
3 station in the basement of the 325 Building, which is equipped with a 
4 radioactivity monitor and an automatically operated three-way valve. 
5 The retention process sewer flow is diverted by a valve to the 
6 300 Area radioactive liquid waste sewer if radioactivity above a 
7 preset level is detected in the waste stream. 
8 
9 • Sanitary Wastewater--The sanitary sewer system serves the restrooms, 

10 change rooms, and lunchroom areas, which have a low probability of 
11 becoming contaminated . The sanitary waste is discharged into the 
12 sanitary sewer system in the 300 Area, which is operated under 
13 contract with DOE . 
14 
15 • Solid Sanitary Waste--Solid sanitary waste consisting of nonregulated 
16 waste, mainly from office, lunchroom, and restroom trash cans, would 
17 continue to be generated. Waste is disposed in municipal landfills. 
18 As with dangerous waste, recycling is performed whenever feasible to 
19 minimize solid waste generation and handling . 
20 
21 
22 2.3 ALTERNATIVES TO THE PREFERRED ALTERNATIVE CONSIDERED BUT NOT ANALYZED 
23 IN DETAIL 
24 
25 Several alternatives to the preferred alternative were considered but 
26 not analyzed in detail. These alternatives are limited to the Hanford Site . 
27 The potential environmental impacts are believed to be bounded by the impacts 
28 associated with the preferred alternative (refer to Section 4.1). If future 
29 consideration is given to these alternatives, appropriate environmental and 
30 safety evaluations would be required. An alternative location for irradiation 
31 activities, other than FFTF, is not considered credible . 
32 
33 Alternative Location for Fuel Fabrication. There is one alternative 
34 location onsite for mixed oxide fuel fabrication; i .e., the 306-E Building in 
35 the 300 Area . Facility modifications would be required. 
36 
37 Alternative Locations of Tritium Target Fabrication. There are 
38 alternative onsite locations for tritium target fabrication. These locations 
39 would include the 338 Building or other Hanford Site structures with the 
40 appropriate space, security and cleanliness (cleanliness is important for all 
41 reactor components), which would require modifications to accommodate the 
42 mission . The 338 Building was the location for fabrication of 
43 tritium-producing burnable absorber rods, which will be used as lead test 
44 assemblies for tritium production in a commercial light-water reactor. 
45 
46 Alternative Locations for Medical Isotope Target Fabrication. 
47 Alternative onsite locations for medical isotope target fabrication include · 
48 Hanford Site structures with the appropriate cleanliness and available space. 
49 Appropriate modifications to accommodate the mission would be required. To 
50 support the fabrication of radioactive targets (i.e., radium-226 and recycled 
51 target materials}, particularly extensive modifications would be required. 
52 
53 Alternative Locations for Handling, Cleaning, Loading, and Transferring 
54 Irradiated Fuel/Targets. There are two alternative onsite locations for 
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1 handling, cleaning, loading, and transfe r ring irradiated fuel and targets. 
2 FMEF hot cell(s) could be modified to provide the capability to interface 
3 with, and remove assemblies from, the shielded transfer cask . Process 
4 equipment installation and utility modifications would be required . 
5 
6 The existing MASF also could be modified. The exi~ting sodium removal 
7 system and its supporting equipment could be modified. Various process 
8 equipment could be relocated or installed . A new hot cell facility would be 
9 required, which also would necessitate changes in piping and utility 

10 configurations. It would be expected that building structural modifications 
11 would be required as well . 
12 
13 Alternative Locations for Handling Irradiated Medical Isotope Targets. 
14 Processing medical isotope targets after irradiation in FFTF could be 
15 accomplished in the FMEF. Modifications would be required to complete 
16 construction of the appropriate hot cells, i nstall gloveboxes and fume hoods, 
17 and to provide cask handling and interface equipment. Several existing 
18 high-dose hot cells are ava i lable in the FMEF that Would be suitable for 
19 isotope processing. Construction of these cells has been completed 
20 structurally, but purchase and installation of items such as shielded windows, 
21 remote manipulators, access plugs , lighting, and cell monitoring equipment 
22 would have to be done for the cells to become functional. 
23 
24 Alternative Choice of Fuel Material. An alternative FFTF fuel material 
25 is highly-enriched uranium. Ongoing environmental analyses [i .e., EIS for 
26 Programmatic Surplus Plutonium Disposition (DOE/EIS-0283, draft anticipated 
27 early in calendar year 1998)] are addressing impacts for disposition of 
28 highly-enriched uranium. These analyses include fuel fabrication activities 
29 within the DOE Complex (including FMEF). 
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. FMEF MAIN PROCESS BUILDING 
FFTF DRIVER FUEL ASSEMBLY FABRICATION SEQUENCE 
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First Weld 

Conversion of Ra~ Oxide Powder into Fuel Assemblies (Part 1). 
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Figure 2-20. 
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Conversion of Raw Oxide Powder into Fuel Assemblies (Part 2). 
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. ·. : -~ TRUCK ANO 8Ail. CAO 
Hl,NOUNG AREA 

Figure 2-21. Cut-away of Fuels and Materials Examination Facility Building. 
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FMEF 
FUELASSE ARCHITECT~BLYAREA · RALAND E QUIPMENT LAYOUT "'"""-"""""' 

• P1N --

Figure 2-22. Fuel Assembly Area. 
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Barrier Coated 
(Aluminized) SS316 

Cladding 

Lithium Aluminate 

Figure 2-23. 

HNF-1855, Draft B 

Reference LiAIO
2

FFTF Target Pin 

0 .0 . 0.938 inch 
Notto Scale 

Nickel Plated Zircaloy 4 
Getter 

Fast Flux Test Facility Tritium Target Sketch. 
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Reference FFTF LiAIO2 Tritium Target Assembly Design 

Bundle 

19 LiAI~ Pins with O.D. 0.938 inch 
Theoretical Bundle to Duct Gap 0.030 inch 
Wire Wrap Diameter 0.024 inch 

Duct: Inside flat to flat 4.325 inches, 0.130 inch wall 

Pins 1 and 2 
are wire wrapped 

Figure 2-24. 

Pins 3 have wire 
attached to outboard 
surfaces only 

Not to scale 

Pins 4 have no 
wire wrap 

Reference Tritium Target. 
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UT i----- RECEIVING 
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REMOVE 
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INSPECT 
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RELEASED SUB-ASSY 

X-RAY 

RING GAGE/ 
LENGTH/WT 

INSPECT 

LEAK 

ROD 
ASSY 

FUIJ., LENGTH 
COMP. X-RAY 
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FFTF 
TRITIUM TARGET 

PIN ASSEMBLY 

Figure 2-25. Initial Assembly of a Tritium Target. 
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LOAD PADS 
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1--~ RECEIVING ~--i DIMENSIONAL 
- INSPECTION INSPECTION 

I 

WELD DUCT/ 
HANDLING SOCKET 

RELEASE 
SUB-ASSY 

BUILD STRIP 
LAYERS 

' 

BUNDLE 
ASSY 

INSTALL 
DUCT/HS 

WELD 
DUCT/SIA 

INSPECT 
WELD 

FINAL 
INSPECTION/ 

RELEASE 

- INSPECT 

VISUAL/ 
DYE PENT. 

FFTF 
TRITIUM TARGET 
FINAL ASSEMBLY 

Figure 2-26. Final Assembly of a-Tritium Target. 
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lATHE 

Cl.AD STORAGE RACKS 

I CIAO EDDY CURRENT lEST Cl.AD ID AIR OAOE 

• I BECWELO INSPECTION T"8LE 
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COMPONENT STORAGE CABINETS 

PENCIL STORAGE 

PENCIL ANO PIN LCW>tNG ~~P=IN °""= T ;;;;;;;i:~j 
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~ 

iiil 
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<> 

I : ~ WIRE WR>P PIN CNl'T 
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FNII. INSPECTION PIN CART 
.,, 
z 
.:: 

§ 

CONCEPTUAL TRITIUM TARGET PIN ASSEMBLY FACILITY 
Figure 2-27. Conceptual Drawing for an Tritium Target Inspection/Assembly . 
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Grapple 
"O" Ring Handling Socket 

Spacer 

Saddle 

Closure 

Cover 

Lower 
Support 
Plate 

Figure 2-28. Core Component Container. 
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1 
2 

Table 2-1. Top 30 Fast Flux Test Facility Medical Isotopes. (sheet 1 of 3) 

3 

4 
5 

6 
7 

8 
9 

10 
11 

12 
13 

14 
15 

16 
17 

18 
19 

20 
21 

Medical isotope 

Actinium-227 
(Ac-227) 

Gold-198 
(Au-198) 

Cadrnium-109 
(Cd-109) 

Copper-64 
(Cu 64) 

Copper-67 
(Cu 67) 

Gadolinium-153 
(Gd-153) 

Holmium-166 
(Ho-166) 

Iodine-125 
(I-125) 

lodine-131 
(I-131) 

971120.1759 

Medical applications Reaction 

Parent of Ra-223 (monoclonal antibody attachment Ra226(n, 'Y)Ra227-Ac227 
used for cancer radioimmunotherapy) . 

Mini gun, treating ovarian cancer, prostate cancer, Au197(n,'Y)Au198 
brain cancer, intracavity therapy, limits growth of 
ministatic disease 

Cancer detection pediatric imaging Cd 108(n, 'Y )Cd 109 
or 

Ag107(n,'Y)Cd108 
Cd 108(n,'Y)Cd109 

Pet scanning planar imaging, SPECT hnaging, Zn64(n,p )Cu64 
dosimetry studies, cerebral and myocardial blood 
flow, used with Cu 62, treating of colorectal cancer 

Cancer treatment/diagnostics, radioimmunotherapy, Zn67(n,p )Cu67 
planar imaging, SPECT or PET 

Dual photon source, osteoporosis detection, SPECT Eu (n,'Y)Eu152- Gdl52 
imaging Gdl52 (n,'Y)Gdl53 

Treatment of rheumatoid arthritis and hemophilia. Ho165(n,'Y)Ho-166 
Radiolabeling and monoclonal antibody techniques. 

Osteoporosis detection, diagnostic imaging, tracer Xe124(n,'Y)Xe125 -1125 
drugs, monoclonal antibodies, brain cancer treatment 
(I 131 replacement), SPECT imaging, radiolabeling, 
tumor imaging, mapping of receptors in the brain, 
interstitial radiation therapy brachytherapy for 
treatment of prostate cancer, determination of 
glomerular filtration rate (GFR), determine extent of 
renal impairment, determination of plasma volume, 

. detection of deep vein thrombosis of the legs 

Lymphoid tissue tumor/hyperthyroidism treatment, Te130(n,'Y)l131 
antibody labeling, brain biochemistry in mental 
illness, diagnosis of thyroid disorders by gamma 
camera imaging or counting, alternative to Tl 201 
radioimmunotherapy, imaging, cellular dosimetry, 
adrenal medulla scintigraphy, treatment of Grave's 
disease, treatment of goiters , SPECT imaging, 
treatment of prostate cancer, treatment of 
hepatocellular carcinoma, treatment of melanoma, 
locate metastatic lesions, treatment of neuroblastoma 
and malignant pheochromocytoma, internal 
(systemic) radiation therapy, treatment of thyroid 
carcinoma, study of kidney functions , construction of 
renogram, adrenal cortex imaging, investigations of 
hepatobillary function, determination of plasma 
volume 

T2-l.1 
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Table 2-1. Top 30 Fast Flux Test Facility Medical Isotopes. (sheet 2 of 3) 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15 
16 

17 
18 

19 
20 

21 
22 

23 
24 

25 
26 

Medical isotope 

lridium-192 
(lr-192) 

Lutetium, 177 
(Lu-177) 

Molybdenum-99 
(Mo-99) 

Osmium-194 
(Os-194) 

Phosphorus-32 
(P-32) 

Phosphorus-33 
(P-33) 

Palladium-103 
{Pd-103) 

Platinum-195m 
(Pt-195m) 

Rhenium-186 
(Re-186) 

Scandium-47 
(Sc-47) 

Selenium-75 
(Se-75) 

Samarium-145 
(Sm-145) 

Samarium-153 
(Sm-153) 

9711 20.1759 

Medical applications Reaction 

Brachy therapy, brain and spinal cord tumor lr191{n,-y)lrl92 
treatment, restenosis stints , and seed implants for 
breast and prostrate tumors. 

Heart disease treatment (restenosis therapy) , cancer Lul 76(n,-y)Lul 77 
therapy 

Parent for Tc 99m generator used for brain, liver , Mo98(n;y)Mo99 
lungs, heart imaging, PET imaging 

Monoclonal antibody attachment used for cancer Osl92{n;y)Os193 
treatment (RI1) Os193(n;y)Os194 

Polycythemia rubra vera {blood cell disease) and S32(n,p)P32 
leukemia treatment, bone disease or 
diagnosis/treatment, SPECT imaging of tumors, P31(n;y)P33 
pancreatic and liver cancer treatment, radiolabeling, 
labeling nucleic acids for in vitro research, diagnosis 
of superficial tumors, heart disease treatment 
restenosis, intracavity therapy 

Leukemia treatment, bone disease S33(n,p)P33 
diagnosis/treatment, SPECT imaging of tumors, 
radiolabeling, restenosis treatment 

Prostate cancer treatment Pdl02 (n,-y)Pdl03 

Noninvasive monitoring of drug biodistribution and Ptl 95(n.n')Ptl 95m 
metabolism: studies with intraarterial Pt194(n,-y)Pt195m 
Pt-195m-cisplatin 

Cancer treatment/diagnostics, monoclonal antibodies, Re185(n,-y)Re186 
bone cancer pain relief, treatment of rheumatoid 
arthritis, treatment of prostate cancer, treating bone 
pain 

Palliation of pain from bone cancer, !adio-immuno Ti47(n,p)Sc47 
therapy 

Radiotracer used in brain studies imaging of adrenal Se152(n,-y)Se75 
cortex by gamma-scintigraphy, lateral locations of 
steroid secreting tumors , pancreatic scanning, 
detection of hyperactive parathyroid glands, measure 
rate of bile acid loss from the endogenous pool 

Brain cancer treatment using 1-127 {daughter product Sml44(n,-y)Sm145 
of SM-145) 

Cancer treatment/diagnostics, monoclonal antibodies , Sm152{n,-y)Sm153 
bone cancer pain relief, higher uptake in diseased 
bone than Re 186, treatment of leukemia 

T2-l.2 
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Table 2-1. Top 30 Fast Flux Test Facility Medical Isotopes. (sheet 3 of 3) 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15 
·16 

17 

Medical isotope 

Strontium-85 
(Sr-85) 

Tin-117m 
(Sn-117m) 

Strontium-89 
(Sr-89) 

Thorium-228 
(Th-228) 

Thorium-229 
(Th-229) 

Xenon-127 
(Xe-127) 

Tungsten-188 
(W-188) 

Yttrium-91 
(Y-91) 

971120.1759 

Medical applications Reaction 

Detection of bone lesions, brain scans Sr84(n;y)Sr85 

Bone cancer pain relief Snl 17 (n,n ')Snl 17m 
or 

Snl 16(n;y)Snl 17m 

Bone cancer pain (improves the quality of life), Sr88(n;y)Sr 89 
cellular dosimetry, treatment of prostate cancer, 
treatment of multiple myeloma, osteoblastic therapy, 
potential agent for treatment of bone metastases from 
prostate and breast cancer 

Cancer treatment, monoclonal antibodies , parent of Ra226(n;y)Ra227-Ac227 
Bi 212 Ac227(n,-y)Ac228-Th228 

Grandparent for alpha emitter (Bi 213 used for Ra226(n,-y)Ra227--+ Ac227 
cancer treatment (RIT) , parent of Ac 225) Ac227(n,-y)Ac228-Th228 

Th228(n,-y)Th229 

Neuroimaging for brain disorders, research for Xe126(n,-y)Xe127 
variety for neuropsychiatric disorders, especially 
schizophrenia and dementia higher resolution SPECT 
studies with lower patient dose, lung imaging (some 
experts believe it is superior to Xe 133 in ventilation 
lung studies) evaluation of pulmonary ventilation, 
indicator for measurement of local cerebral blood 
flow 

Cancer treatment, monoclonal antibodies, parents for W186(n,y)Wl87 
Re 188 generator W187(n,-y)W188 

Radio-immuno therapy, cellular dosimetry Zr91(n,p)Y91 

T2-l.3 
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1 Table 2-2. Medical Isotopes and Their Half-Lives, Target Forms, and Irradiation Vehicles. 
2 (sheet 1 of 2) 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Product 

Actinium-227 (Ac-227)<3> 

Gold-198 (Au-198) 

Cadmium-I 09 (Cd-109) 

Copper-64 (Cu-64) 

Copper-67 (Cu-67) 

Gadolinium-153 (Gd-153) 

Holmium (Ho-166) 

lodine-125 (1-125) 

Iodine-131 (I-131) 

Iridium-192 (Ir-192) 

Lutetium-177 (Lu-177) 

Molybdenum (Mo-99) 

Osmium-194 (Os-194) 

Phosphorus-32 (P-32) 

Phosphorus-33 (P-33) 

Palladium-103 (Pd-103) 

Platinum-195 (Pt-195m) 

Rhenium-186 (Re-186) 

Selenium-75 (Se-75) 

Samarium-145 (Sm-145) 

Samarium-153 (Sm-153) . 

971120.1759 

Half-life 

21.8 y(l} 

2.6 d 

462 d<2> 

12. 7 h<3> 

61.9 h 

241 d 

1.1 d 

60.1 d 

8.04 d 

73.8 d 

6.71 d 

2.74 d 

6.0 y 

14.3 d 

25.3 d 

17 d 

4.02 d 

3.78 d 

119.7 d 

340 d 

1.93 d 

Target and form 

Radium-226 (Ra-226) 
basic element, carbonate or 
chloride 

Au-197 <7> 

Cd-108 <7> 

Zinc-64 (Zn-64) <7> 

Zinc-67 (Zn-67) <7> 

Europium-151 (Eu-151) 
and Eu-153 (Natural) 

Ho-165 

Xenon-124 (Xe-124) 
monatomic gas 

Tellurium-130 
(Te-130) <7> 

lr-191 

Lu-176 

Mo-98 <7> 

Os-192 <7> 

Sulfur-32 
(S-32) 

S-33 

Pd-102 <7> 

Pt-195 <7> 

Re-185 <7> 

Se-74 <7> 

Sm-144 <7> 

Sm-152 <7> 

T2-2.1 

Irradiation 
vehicle 

Long term 

Rapid retrieval 

Long term 

Rapid retrieval 

Rapid retrieval 

Long term 

Rapid retrieval 

Gas target 

Rapid retrieval 

Long term 

Long term 

Rapid retrieval 

Long term 

Rapid retrieval, 
molten target 

Long term 

Rapid retrieval 

Rapid retrieval 

Rapid retrieval 

Long term 

Long-term 

Rapid retrieval 
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Table 2-2. Medical Isotopes and Their Half-Lives, Target Forms, and Irradiation Vehicles. 
(sheet 2 of 2) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Product 

Scandium-4 7 (Sc-4 7) 

Tin-117m (Sn-117m) 

Strontium-85 (Sr-85) 

Strontium-89 (Sr-89) 

Thorium-228 (Th-228)<4) 

Thorium-229 (Th-229)<5) 

Xenon-127 (Xe-127) 

Tungsten-188 (W-188) 

Yttrium-91 (Y-91) 

11 (l) y = year. 
12 <2> d = day. 
13 <3> h = hour. 

Half-life 

3.35 d 

13.6 d 

64.8 d 

50.5 d 

1.91 y 

7,340 y 

36.4 d 

69.4 d 

58.5 d 

Target and form Irradiation 
vehicle 

Ti-47 <7) Rapid retrieval 

Sn-116 <7) Rapi~ retrieval 

Sr-84 <7) Long term 

Sr-88 <7) Long term 

Radium-226 (Ra-226) basic Long term 
element, carbonate or 
chloride 

Radium-226 (Ra-226) Long term 
basic element or carbonate 
or chloride 

Xe-126 Rapid retrieval 

W-186 <7) Long term 

Zr-91 <7) Long term 

14 <4) Actinium-227 will decay to radium-223, which is the isotope that has medical applications. 
15 <5> Thorium-228 will decay to radium-224, which is the isotope that has medical applications. 
16 <6> Thorium-229 will decay to bismuth-213, which is the isotope that has medical 
17 applications. 
18 <7> Target form will either be the basic metallic element or a metallic oxide or chloride 
19 dependent on availability and on engineering conditions such as material melting point, 
20 degradation characteristics, processing methods, etc. 

971120.1759 T2-2.2 
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1 Table 2-3. Separation Methods for Selected Medical Isotopes -- Product and Target Material are 
2 the Same Element. 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 
25 
26 
27 

Product Target Product Product Impurities 
half-life daughter 

Au-198 Au-197 2.7 d Au-199 --
Cd-109 Cd-108 462 d Ag-109 Ag 

Ho-166 Ho-165 26.8 h Er-166 --
Ir-192 Ir-191 73.8 d Pt-192 Os 

Lu-177 Lu-176 6.68 d Hf-177 Yb, Hf 

Mo-99 Mo-98 2.75 d Tc-99 Tc 

Os-194 Os-192 6y Ir-194 Re, Ir 

Pd-103 Pd-102 17 d Rh-103 Rh 

Pt-195m Pt-195 4.02 d Ir-195 Ir 

Re-186 Re-185 3.78 d Os/W-186 W, Os 

Se-75 Se-74 120 d As-75 As 

Sm-145 Sm-144 340 d Pm-145 Pm,Nd 

Sm-153 Sm-152 1.93 d Eu-153 Eu 

Sn-117m Sn-116 13.6 d Sn-117 None 

Sr-85 Sr-84 64.8 d Rb-84/86 Kr-85 

Sr-89 Sr-88 50.5 d Y-89 Rb, Y 

W-188 W-186 69.4 d Re-188 Ta 

Xe-127 Xe-126 36.4 d 1-127 I 

1 Excluding dissolution of target. 
2 No = not identified based on initial investigation. 
d = day. 
y = year. 

971120.1759 T2-3 

Chemical Chemical 
separations separation 
required <1> method <2> 

No --
Yes AgCl precipitation 

No --
No --
No --
No -
Yes Method not identified 

No --
No -
No -
No -
No -
No -
No --
No --
Yes Dissolution and ion 

exchange or solvent 
extraction 

No --
Yes Gas flow -cryogenic 

trap 
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1 Table 2-4. Separation Methods for Selected Medical Isotopes -- Product and Target 
2 Material are Different Elements. 
3 

4 Product Target Product Product Impurities 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
18 
19 
20 
21 
22 
23 

Cu-64 

Cu-67 

P-32 

P-33 

Sc-47 

1-125 

1-131 

Ac-227 

Th-228 

Th-229 

Gd-153 

Y-91 

971120.1759 

half-life daughter 

Zn-64 12.7 h Zn/Ni-64 Zn 

Zn-67 2.58 d Zn-67 Zn 

S-32) 14.3 d S-32 s 

S-33 25.3 d S-33 s 

TI-47 3.34 d Ca-47 Ca, TI 

Xc-124 60.1 d Tc-125 Tc 

Tc-130 8.04 d Xc-131 Tc 

Ra-226 21.8 y Th-227 Ra, Th 

Ra-226 1.91 y Th-229 Ra, Ac 

Ra-226 7.3 E3 y Ra/Ac-225 Ra, Ac 

Eu-153 241.6 d Eu-153 Eu,Sm 

Zr-91 58.5 d Zr-91 Zr 

1 Excluding dissolution of target. 
2 No = not identified based on initial investigation. 
h = hour. 
d = day. 
Y = year. 

T2-4 

Chemical 
separations 
required1 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Chemical 
separation method2 

Dissolution/ 
electrochemical 
deposition/ion exchange 

Dissolution/ 
electrochemical 
deposition/ion exchange 

Method not identified 

Dissolve, Ion exchange 

Ion exchange, solvent 
extraction 

Gas flow-carbon trap 

Gas trap 

Ion exchange 

Ion exchange 

Ion exchange 

Precipitation, ion 
exchange band 
displacement 

Ion exchange, solvent 
extraction 
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3.0 TRITIUM AND MEDICAL ISOTOPE ALTERNATIVES 

The following discussion is provided for alternatives of various unit 
operations regarding the proposed interim tritium and long-term medical 
isotope production mission for the FFTF. 

3.1 NO ACTION ALTERNATIVE 

The No Action alternative would consist of maintaining the FFTF 
indefinitely in the current standby mode. FMEF would continue pursuit of a 
mission for the facility, which currently is used primarily for office space 
and to support noncontaminated equipment testing. The 306-E and 325 Buildings 
would continue with current research and operation activities. A description 
of the activities associated with each of these facilities under the No Action 
alternative is provided in following sections. 

3.1.1 Fast Flux Test Facility 

Under the No Action alternative, FFTF would remain in the current standby 
state; i.e., with molten sodium coolant circulating through the sodium systems 
and the reactor vessel defueled, pending a future DOE decision on a new 
mission or shutdown. Fuel with additional use for a potential new mission 
would be retained. Continued standby (i.e., present status of the facility) 
requires most of the systems to remain active to maintain the sodium systems 
molten and the nuclear fuel in a safe configuration. Section 2.2.1 provides a 
description of the systems. 

32 . 3.1.2 Fuels and Materials Examination Facility 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

The FMEF No Action alternative would involve continued pursuit of a 
mission for the facility, which currently is used primarily for office space 
and to support equipment testing (e.g., waste tank sampling). A detailed 
description of the FMEF, as currently designed and constructed, is provided in 
Section 2.2.2.1. 

It is noted that a Notice Of Intent (62 FR 28009) to prepare an EIS has 
been prepared for the disposition of weapons-usable surplus plutonium 
throughout the DOE Complex. Per the Notice of Intent, the EIS analyses will 
include consideration of FMEF as: (1) a collocated non-pit plutonium 
conversion and immobilization facility, (2) a pit disassembly/conversion 
facility, and (3) a mixed oxide fuel fabrication facility. It is anticipated 
that the draft EIS will be issued early in calendar year 1998. 

3.1.3 306-E Building 

The 306-E Building No Action alternative would involve continued 
for current programs involved with the design and fabrication of 
nonradioactive equipment for Hanford Site and other DOE applications. 
Typically, several small projects are conducted simultaneously in the 

support 

building. 
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2 3.1.4 325 Building 
3 
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4 The 325 Building No Action alternative would involve continued support 
5 for current programs. A detailed description of the 325 Building , as 
6 currently designed and constructed, is provided in Section 2.2.7. Because the 
7 325 Building is a research facility, the work conducted in the building 
8 changes according to programmatic needs. Typical ly, from 20 to 40 projects 
9 are being conducted simultaneously in the building. 

10 
11 Work can be segregated into three activity categories: waste related , 
12 fuel related, and miscellaneous support. All work activities are divided 
13 among the two hot cell complexes, gloveboxes, fume hoods, and laboratory 
14 benches, depending on the radioactive or hazardous nature of the work. 
15 Projects frequently involve working in more than one of these locations, such 
16 as, sample preparation or dilution in a hot cell or glovebox, followed by 
17 analytical measurements in a fume hood. Ana]ytical services are provided for 
18 all projects in the 325 Building, as well as services for outside customers . 
19 Waste management activities would continue to be conducted in full compliance 
20 with applicable regulations. 
21 
22 
23 3.2 FAST FLUX TEST FACILITY SHUTDOWN ALTERNATIVE 
24 
25 The FFTF Shutdown alternative would encompass the proposed permanent 
26 shutdown of FFTF, as described in DOE/EA-0993, Shutdown of the Fast Flux Test 
27 Facility, Hanford Site, Richland , Washington . This alternative also addresses 
28 three FFTF support facilities involved in the preferred alternative; FMEF and 
29 306-E and 325 Buildings. FMEF would continue to be used for office space and 
30 nonradioactive equipment testing. The 306- E and 325 Buildings would continue 
31 research and operation missions . 
32 
33 
34 3.2.1 Fast Flux Test Facility 
35 
36 The Shutdown alternative permanently would close FFTF by removing fuel , 
37 draining and de-energizing the systems, removing the stored radioactive and 
38 hazardous materials, and performing other actions to place the facility in a 
39 radiologically and industrially safe shutdown state. Appropriate surveillance 
40 and maintenance would be performed to prevent unacceptable risks to persons or 
41 the environment until final decontamination and decommissioning of the 
42 facility is completed . To safely accomplish this shutdown, several actions 
43 would be required, as previously analyzed in DOE/EA-0993. These actions are 
44 discussed in the following sections. 
45 
46 3.2.1.1 Reactor Fuel. The reactor core would remain defueled; at present all 
47 fuel has been removed from the core and transferred to the Interim Decaj 
48 Storage, the Fuel Storage Facility, or placed in dry cask storage in the 
49 400 Area interim storage area . The fuel has been replaced with irradiated 
50 nonfuel core components (e.g . , reflectors and control rods); 13 new nonfuel 
51 core components ; and three new simulated core assemblies that otherwise would 
52 have been excessed. Use of these components has resulted in cost and schedule 
53 advantages, and provides waste minimization . 
54 
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1 In the No Action alternative, the irradiated fuel assemblies and pin 
2 containers presently stored in Interim Decay Storage and the Fuel Storage 
3 Facility would be: (1) transferred to the IEM Cell for residual sodium 
4 removal, (2) loaded into core component containers, (3) transferred to the 
5 Reactor Service Building cask loading station for placement into interim 
6 storage casks, and (4) transferred to storage at the 400 Area interim storage 
7 area. Each fuel assembly or pin container would be limited (administratively) 
8 to a maximum decay heat value of 250 watts for fuel offload handling. At this 
9 decay heat level, no active cooling would be required, and many of the fission 

10 products and noble gases would have decayed substantially. 
11 
12 The majority of the irradiated fuel would be offloaded in the same manner 
13 as previously described in the proposed action for spent fuel management 
14 (Section 2.2.5). However, there are several fuel assemblies presently in 
15 sodium storage that have characteristics that differ from the majority of the 
16 irradiated fuel and, as such, require slight differences in disposition. Each 
17 of these categories is discussed in the following. 
18 
19 • Slightly Irradiated Fuel--There are several fueled components that are 
20 termed 'slightly irradiated' that are presently in sodium storage and 
21 that have decayed or will soon decay to less than the Category IVE 
22 'self-protecting' status (i.e., there would be insufficient 
23 irradiation for the assemblies to be self-protecting). These 
24 components, when loaded in interim storage casks, would require 
25 implementation of additional safeguards and security measures, per 
26 DOE Order 5633.3A, Control and Accountability of Nuclear Materials, 
27 than would be provided by the current 400 Area interim storage -area. 
28 Consequently, the No Action alternative for these components would be 
29 to load them into interim storage casks using the same process 
30 described for the highly irradiated fuel. However, subsequent to 
31 loading, these interim storage casks would be transferred to the 
32 Plutonium Finishing Plant protected area for interim storage. 
33 
34 • Unirradiated Fuel--There are 32 unirradiated fuel assemblies presently 
35 in sodium storage. Interim disposition of these assemblies would 
36 require implementation of appropriate safeguards and security measures 
37 as defined in DOE Order 5633.3A. As with the highly irradiated fuel, 
38 the proposed action for these assemblies would be to remove the 
39 residual sodium in the IEM Cell and place up to seven cleaned 
40 assemblies into a single core component container. Using existing 
41 facility processes and equipment, the core component container would 
42 be transferred from the IEM Cell and loaded into a disposable solid 
43 waste cask. This cask is an existing concrete waste cask, similar in 
44 size to the interim storage cask, that would be used to provide a 
45 vault-equivalent storage configuration for the unirradiated fuel. As 
46 with the 'slightly irradiated f~el ', each cask would be transferred to 
47 the Plutonium Finishing Plant protected area for interim storag~. 
48 
49 • Special Fuel--There currently are two intact assemblies that 
50 experienced a breach in the fuel cladding during irradiation as 
51 indicated by a delayed neutron-monitor signal. These assemblies would 
52 be disassembled in the IEM Cell and the failed pin(s) would be 
53 identified and encapsulated. The encapsulated pins would be placed in 
54 pin containers with other pins that would be cleaned using the sodium 
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1 removal process. The pin containers would be loaded into an interim 
2 storage cask for storage at the 400 Area interim storage area. 
3 
4 There are also several fuel assemblies known as 'gas' leakers . These 
5 assemblies have minor pin-hole breaches of the fuel cladding as indicated by a 
6 release of fission gas during the operating history. These assemblies would 
7 be washed using the existing sodium removal process and stored in interim 
8 storage casks. However, these assemblies would be processed last to minimize 
9 the consequences of potential contamination release and resultant deposition 

10 in the sodium removal equipment, which would make equipment maintenance more 
11 difficult. 
12 
13 There are nine non-standard experimental fue l components that are either 
14 sodium-bonded metal fuel or have sodium bonded pins. Previous planning was to 
15 ship these assemblies in licensed shipping casks to the Idaho National 
16 Environmental Engineering Laboratory for consolidation with the existing 
17 Experimental Breeder Reactor-II metal fuel inventory. This activity has been 
18 conducted routinely in the past, as part of the experimental fuel program, 
19 when approximately 20 shipments per year were made from the FFTF to the Idaho 
20 National Environmental Engineering Laboratory dur i ng reactor operations. This 
21 approach was reflected in a Record of Decision issued in June 1995 on the 
22 Final Environmental Impact Statement: Department of Energy Programmatic Spent 
23 Nuclear Fuel Management and Idaho national Engineering Laboratory 
24 Environmental Restoration and Waste Management Programs (DOE/EIS-0203), which 
25 selected regionalization by fuel type. However, shipment of this fuel 
26 presently is delayed for an indefinite period under an agreement between the 
27 DOE, U.S. Department of Defense, and the State of Idaho as documented in a 
28 Consent Order filed in the U.S. District Court for the District of Idaho on 
29 October 17, 1995. This Consent Order delays shipment of the above mentioned 
30 fuel until after December 31, 2000. As such, the fuel could be stored in 
31 interim storage casks using the same process described for the highly 
32 irradiated fuel. However, capability would be provided for future transfer of 
33 these assemblies from the interim storage casks to a transportation cask for 
34 future shipment to Idaho. As an alternative, the fuel might be shipped 
35 directly to Idaho, without loading into interim storage casks, depending on 
36 the status of shutdown at the time of shipment. 
37 
38 Current cask transportation requirements for the sodium-bonded material, 
39 including license considerations and allowable inventories (radionuclide and 
40 sodium), would require (conservatively) approximately 70 shipments from the 
41 FFTF to the Idaho National Environmental Engineering Laboratory. However, 
42 historical data have provided a basis for revision of the license, which could 
43 reduce the number of shipments to approximately 12. License revision is being 
44 pursued, and appropriate documentation would be provided before initiation of 
45 actual transportation activities. 
46 
47 3.2.1.2 Sodium Drainage and Storage. The approximately 260,000 gallons of 
48 metallic sodium coolant would be maintained in a molten state until the fuel 
49 assemblies are removed from their respective storage location (i.e., Interim 
50 Decay Storage or the Fuel Storage Facility), and the sodium transferred to 
51 appropriate storage. A Sodium Storage Facility has been constructed closely 
52 coupled to the FFTF complex (Figure 3-1). The Sodium Storage Facility is a 
53 concrete building approximately 91 feet long ·by 90 feet wide. The walls of 
54 this building are 8 inches thick, and the roof is 6 inches thick to provide 
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1 for radiation shielding. A 60-foot-square sheet metal penthouse contains the 
2 building's mechanical equipment, and provides an enclosed operating space. 
3 The Sodium Storage Facility, which has not been used, is designed to meet 
4 appropriate Resource Conservation and Recovery Act storage requirements. This 
5 facility would provide storage capacity for the FFTF's primary, secondary, 
6 Interim Decay Storage, and Fuel Storage Facility sodium. , Four sodium storage 
7 tanks, originally procured for the Clinch River Breeder Reactor Project, have 
8 been installed in this facility. It is anticipated that three 80,000-gallon 
9 tanks and one 52,000-gallon tank would be required for storage of the sodium. 

10 The facility contains a steel drip pan to contain an unlikely sodium spill. 
11 All floor areas are covered with a steel lining . The building is 
12 approximately 32 feet tall, which allows clearance above the tanks for piping 
13 runs . Two entry doors are provided with locks to restrict access to the 
14 interior. Appropriate fire detection systems have been installed; there also 
15 are other basic services such as lighting, mechanical ventilation, 
16 high-efficiency filtering of tank vents·, oxygen monitoring, trace-heat power, 
17 120-volt power outlets, and communications. A water-sprinkler fire 
18 suppression system has not been installed, mitigating the potential for a 
19 sodium-water reaction and subsequent hydrogen generation. 
20 
21 FFTF also contains approximately 600 gallons of a sodium-potassium 
22 eutectic alloy, referred to as NaK, which is used for cooling of auxiliary 
23 systems and components. Chemically, NaK is more reactive than sodium, 
24 especially with air, and can become shock sensitive. Therefore, evaluations 
25 would continue to be conducted to determine the final disposition of the NaK 
26 systems . Current planning indicates that the NaK would be mixed into the bulk 
27 sodium by flushing the NaK cooling systems with sodium . This would be 
28 accomplished by cross-connecting appropriate sodium and NaK piping. The total 
29 NaK inventory is a small fraction of 1 percent of the sodium volume, and 
30 sodium properties (e.g., freezing point) would not be measurably affected by 
31 the presence of this small quantity of NaK. In some cases (e.g., the Fuel 
32 Storage Facility NaK cooling loop), accessible portions of the system might be 
33 removed. 
34 
35 3.2.1.3 Sodium Disposition. The FFTF sodium coolant would be managed as 
36 product material pending a final decision on reuse of the material. The 
37 approximately 260,000 gallons of sodium_ coolant would be transferred to the 
38 newly constructed Sodium Storage Facility when the sodium is no longer 
39 required for cooling. The radioactive nature of the sodium inventory likely 
40 would preclude future offsite beneficial use. Waste sodium is a dangerous 
41 substance (exhibiting the characteristics of corrosivity, ignitability, and 
42 reactivity) under Washington Administrative Code 173-303, and must be reacted 
43 to a stable material for disposal or converted to a chemical form that can be 
44 used as feedstock in some different process. However, a potential use for the 
45 sodium has been identified by the Hanford Site Tank Waste Remediation System 
46 Program. 
47 
48 The Tank Waste Remediation System Program plans to use the sodium, 
49 converted to sodium hydroxide, for caustic washing as part of the high-level 
50 waste tank sludge pretreatment process. This Program's technical baseline 
51 specifies caustic washing as the primary process for tank waste sludge 
52 pretreatment. An estimated 23 , 000 tons of sodium hydroxide would be required. 
53 Sodium hydroxide produced from the sodium metal at FFTF represents 
54 approximately 8 percent of this inventory. Therefore, the FFTF sodium would 
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1 be managed as product material for use by the Tank Waste Remediation System 
2 Program until an evaluation is completed to confirm the final sodium 
3 disposition and form . If the Tank Waste Remediation System Program decides 
4 the sodium has no use for their program, the sodium would be converted to a 
5 stable form suitable for burial on the Hanford Site as low-level radioactive 
6 waste. Hanford Federal Facility Agreement and Consent Order (Tri-Party 
7 Agreement) (Ecology et al. 1996) milestones have been established that 
8 document the approach for management and disposition of the FFTF sodium. The 
9 Tri-Party Agreement is a compliance order between Washington State Department 

10 of Ecology, the U.S. Environmental Protection Agency and the U.S. Department 
11 of Energy. 
12 
13 A Sodium Reaction Facility that would be used for conversion of sodium to 
14 sodium hydroxide or a stable form for burial would be designed, constructed, 
15 and operated . Figure 3-2 shows the entire process to convert sodium to sodium 
16 hydroxide and to sodium sulfate (an acceptable waste form). This Sodium 
17 Reaction Facility would be constructed adjacent to the Sodium Storage 
18 Facility. Current baseline planning is that the sodium reaction process that 
19 is used at the Idaho National Environmental Engineering Laboratory (used by 
20 the Argonne National Laboratory-West) would form the basis for the FFTF's 
21 Sodium Reaction Facility. Pending operational verification of the Idaho unit, 
22 the same processing facility would be constructed at the FFTF. This would 
23 reduce development or design costs. The process likely would be truncated by 
24 eliminating the steps called "Alternate Process" to produce sodium hydroxide 
25 for the Tank Waste Remediation System Program application. 
26 
27 In the first stage of the baseline sodium conversion process, molten 
28 sodium metal and water would be injected into a reaction vessel that was 
29 partially filled with approximately 50 percent (by weight) sodium hydroxide at 
30 about 240°F. A vigorous reaction would produce more sodium hydroxide and 
31 hydrogen gas. The hydrogen would be swept out of the vessel by a nitrogen 
32 cover gas purge, and maintained at sufficiently low dilution to prevent 
33 flammability when mixed with air (a 4 percent mixture of hydrogen in air is 
34 flammable). The sodium hydroxide product would be collected in two adjacent 
35 holding tanks and transported to the Tank Waste Remediation System Program 
36 facilities. 
37 
38 If the Tank Waste Remediation System Program baseline changes, the sodium 
39 hydroxide could be converted to a solid waste disposal form like sodium 
40 sulfate or sodium tetraborate. In this event, a second process stage would be 
41 added as depicted in Figure 3-2. Sulfuric acid would be added to the sodium 
42 hydroxide solution to produce sodium sulfate, which would be dried, collected 
43 into containers, and transported to a disposal site. An alternate waste form 
44 that would be considered is sodium tetraborate. The radionuclides present in 
45 the FFTF's sodium, except for small amounts of tritium that would be exhausted 
46 through the vent system, are expected to be carried with the solid sodium 
47 waste form. The sodium metal would be processed in 2 years, assuming an 
48 operating efficiency of 70 percent : The safety and radiological release 
49 considerations for the process are discussed in Section 4.2 . 
50 
51 3.2.1.4 Sodium Residuals. Following the drainage of the sodium and NaK 
52 systems, approximately 4,000 gallons of residual sodium would remain in the 
53 main portions of the FFTF's piping and equipment. Additional indeterminate 
54 quantities would remain in other portions of the operating systems, especially 

971120.1825 3-6 



HNF-1855, Draft B 

1 in complex, small-diameter p1p1ng systems. Included in the No Action 
2 alternative would be accommodation of these residuals to a stabilized 
3 condition such that long-term monitoring and surveillance of the FFTF could be 
4 conducted in a safe and environmentally sound manner. The current concept for 
5 accommodating residuals would be to maintain an inert gas atmosphere to 
6 prevent any chemical reactions during long-term surveillance and maintenance. 
7 
8 3.2.1.5 Auxiliary Systems Shutdown. General operating support for the FFTF 
9 remains comparable to current levels, which are required for maintaining the 

10 facility in a safe configuration. Before draining the sodium, approximately 
11 90 percent of the systems are required to support hot sodium circulation. As 
12 systems are deactivated, the need for general maintenance and support would be 
13 reduced. 
14 
15 Many of these systems and utilities contain hazardous materials, such as 
16 glycol, oils, asbestos, and polychlorinated biphenyls (found in electrical 
17 transformers). These materials would be reused, recycled, or disposed. 
18 Excess chemicals (e.g., maintenance solvents) also would be recycled or 
19 disposed of, as appropriate. 
20 
21 Essentially all of the FFTF systems would be deactivated at final 
22 shutdown, placing the FFTF into a long-term surveillance and maintenance 
23 phase. Actual facility support would be limited to minimal maintenance, inert 
24 gas system positive pressure checks, and surveillances. Similar monitoring 
25 would be required for the Sodium Storage Facility until the sodium is drained 
26 and processed through the Sodium Reaction Facility. 
27 
28 3.2.1.6 Resultant Waste Streams. The shutdown of the FFTF would include the 
29 disposal of 22 radioactive assembly stalks used to instrument test fuel 
30 assemblies. These stalks extended from the top of the reactor core, up to the 
31 reactor head compartment, and provided the structure for the routing of 
32 instrumentation leads to control consoles and monitors. The radioactive 
33 portions of the stalks would be cut in the !EM Cell, washed in the sodium 
34 removal system, and appropriately packaged and transported to the 200 Areas 
35 for di sposa 1 . 
36 
37 Fuel washing would result in primarily solid waste in tne form of 
38 depleted ion exchange resin. If the bulk sodium coolant is not used by the 
39 Tank Waste Remediation System Program, conversion to a stabilized form would 
40 result in both airborne emissions, as well as a substantial quantity of 
41 radioactive, nondangerous solid waste (i.e., sodium sulfate or sodium 
42 tetraborate). Hazardous materials associated with the auxiliary systems 
43 (e.g., glycols and oils) could represent a large quantity of materials that 
44 woul~ be reused, recycled, or appropriately packaged and managed as regulated 
45 waste. Some recycle of materials (e.g., Mobiltherm*) has occurred. 
46 
47 The solid and liquid effluents from the shutdown activities that contain 
48 radioactive and/or dangerous wastes would be appropriately packaged. Primary 
49 consideration would be given to transportation of the waste to (and use of) 
50 existing Hanford Site treatment, storage, and/or disposal facilities; offsite 
51 facilities also would be considered, as appropriate. All activities would be 

52 * Mobiltherm is~ trademark of Mobil Oil Company. 
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1 conducted in full compliance with applicable regulations, including the 
2 Resource Conservation and Recovery Act, the Clean Air Act, and U.S. Department 
3 of Transportation requirements, which would be in force at the time of the 
4 action. 
5 
6 
7 3.2.2 Fuels and Materials Examination Facility 
8 
9 Under the Shutdown FFTF alternative, activities associated with FMEF 

10 would be the same as those described in the No Action alternative (refer to 
11 Section 3.1.2). 
12 
13 
14 3.2.3 306-E and 325 Buildings 
15 
16 Under the Shutdown FFTF alternative, activities associated with the 306-E 
17 and 325 Buildings would be the same as those described in the No Action 
18 alternative (refer to Sections 3.1.3 and 3.1.4, respectively) . 
19 
20 
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1 4.0 AFFECTED ENVIRONMENT AND ENVIRONMENTAL IMPACTS 
2 
3 
4 Appendix D provides a description of the Hanford Site affect~d 
5 environment. This description was provided in the Storage and Disposition of 
6 Weapons-Usable Fissile Materials Final Programmatic Envi(onmental Impact 
7 Statement (DOE/EIS-0229) completed in December 1996. A site-specific EIS that 
8 tiers from DOE/EIS-0229 currently is being prepared (DOE/EIS-0283), which will 
9 include analysis of actions proposed for the FMEF (collocated in the 400 Area 

10 with the FFTF) and the 325 Building. An updated description of the Hanford 
11 Site and affected environment (which likely will be very similar to the one 
12 provided in Appendix D) will be available in early 1998. It is anticipated 
13 that this input will be directly applicable for use in the FFTF EIS . 
14 
15 For the FFTF and FMEF, the activities associated with any of the 
16 alternatives discussed herein would not occur immediately next to any natural 
17 water courses, and are not located within a wetland or in a 100- or 500-year 
18 floodplain. The 325 and 306-E Buildings are less than 0.5 mile from the 
19 Columbia River, but are not located in a wetland or in the 100- or 500-year 
20 floodplain. Modifying selected areas of the 200, 300, and 400 Areas would 
21 cause minimal disturbance to biological resources. This is because all 
22 activities would involve existing structures and would take place in areas 
23 that currently are disturbed. Noise associated with the modifications could 
24 cause some temporary disturbance to wildlife, but this impact would be minimal 
25 because animals living adjacent to the current facilities already have adapted 
26 to its presence. Water withdrawal would be through existing sources and would 
27 involve relatively minor volumes, so wetlands and aquatic resources would not 
28 be affected. Wastewater would be discharged to current facilities. Because 
29 all modifications would take place within developed areas, impacts to 
30 threatened and endangered species would not be expected. 
31 
32 Appendix E provides a description of the methodology applied to selection 
33 and analyses of the accidents addressed within this Technical Information 
34 Document, as well as the specific analyses that have been conducted. The 
35 assessments provided in this section represent best engineering judgments 
36 based on information available at this time. The accidents and source terms 
37 selected were chosen based on providing maximum worst-case results. 
38 
39 
40 4.1 PREFERRED ALTERNATIVE FOR INTERIM TRITIUM AND LONG-TERM MEDICAL 
41 ISOTOPE PRODUCTION 
42 
43 The preferred alternative is to use the FFTF to produce an interim 
44 trititim and long-term medical isotope supply. The FMEF, 306-E Building, and 
45 325 Building are important onsite facilities needed to support this mission. 
46 The preferred alternative includ~s the following "unit operations": FFTF 
47 operations, fuel fabrication, tritium target fabrication, medical isotope 
48 target fabrication, spent fuel management, irradiated tritium target 
49 management, and irradiated medical isotope management. The impacts from both 
50 routine operation and accident scenarios associated with each of these 
51 activities are presented in Sections 4. 1.1 through 4.1.7. Section 4.1.8 
52 examines the impacts of transportation activities. 
53 
54 
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4.1.1 Fast Flux Test Facility Operations 

FFTF operations for the new mission are very similar to previous 
operations conducted during the 10 years of reactor operation. The impacts 
discussed in the following sections are based on historical data available 
from previous reactor operations and current standby conditions. Most of the 
plant systems remain operational today to safely maintain the sodium systems 
and nuclear fuel within the facility. Adjustments were made to account for 
different source terms associated with the new mission (i.e., a nominal 40% 
plutonium enriched fuel, tritium targets, and medical isotope targets). 

4.1.1.1 Facility Description. Section 2.2.1 provides a description of the 
FFTF and the major systems and· equipment required to stipport the proposed 
mission of interim tritium and long-term medical isotope production. 

4.1.1.2 Site Description. The site description is provided in Appendix D. 

18 4.1.1.3 Land Use. Increases in staffing are expected to support restart of 
19 the FFTF. This might require additional office spaces to be provided by 
20 installing modular/portable office structures either within the 400 Area 
21 . security fenced area, or at the site of the previous Visitor's Center. An 
22 access road might be constructed to provide direct access between FFTF and 
23 FMEF to expedite transport of unirradiated fuel and targets to FFTF. These 
24 modifications would occur in areas highly disturbed by previous construction. 
25 Substrate at the 400 Area consists primarily of pavement and packed gravel, 
26 which is herbicided annually. There is little vegetation with the exception 
27 of small areas of lawn and shrubs around the existing office and training 
28 buildings. All other activities and proposed modifications would occur inside 
29 the existing facilities. No undeveloped land woul d be disturbed by these 
30 proposed activities. 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

Modifications such as those discussed in Section 2.2.1.4 and addition of 
modular office space and an access road would be consistent with existing and 
future land use as described in the Draft Hanford Remedial Action 
Environmental Impact Statement and Comprehensive Land Use Plan 
(DOE/EIS-0222D). These proposed activities would use the same areas 
previously disturbed by construction. Other Hanford Site land uses or special 
status lands would not be affected. No in-migration of workers would be 
required during the construction and a nominal increase in population would 
occur during operation. The increase in FFTF employment would partly offset 
the recent and projected future decrease in the Hanford Site workforce. There 
would be no change to the region's housing market during the restart period or 
during operation. Therefore, no direct or indirect impacts to the offsite 
land use would be anticipated. 

Construction of new office spaces and modifications to FFTF would be 
compatible with state and local (Benton, Franklin, and Grant Counties and the 
city of Richland) land-use plans, policies, and controls as the Hanford Site 
provides information to these jurisdictions for use in their efforts to comply 
with the Growth Management Act (Washington Administrative Code 365-195-010). 

Visual Resources. The appearance of new office structures would be 
consistent with the existing industrialized landscape character, and the 
current Visual Resource Management Class 5 designation of the 400 Area. 
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1 Because of the existing industrial character of the 400 Area and the distance 
2 to any sensitive viewpoints, no visual impacts would occur. 
3 
4 Cultural and Paleontological Resources. The 400 Area previously has been 
5 surveyed, and no archaeological or historic resources were identified. 
6 Consequently, any land-disturbing activity associated with installation of 
7 additional office units, an access road between FFTF and FMEF, or 
8 modifications (such as equipment staging areas) should not affect cultural 
9 resources. However, before any associated construction activities, 

10 appropriate cultural and paleontological reviews would be conducted. 
11 Similarly, operation would not involve increased activity that would result in 
12 ground disturbance, so operations would not result in an adverse impact. 
13 
14 Site Infrastructure . Site infrastructure impacts focus on electrical 
15 power requirements, road networks, rail interfaces, and fuel requirements. 
16 The infrastructure currently in place on the Hanford Site is capable of 
17 handling the proposed activities within the FFTF. Less than one-half mile of 
18 access road might be constructed between the FMEF and FFTF to expedite 
19 transport of unirradiated fuel and targets to FFTF. Tritium and isotope 
20 production would result in operating and handling activities within the 
21 facility similar to previous operations. Annual electrical power requirements 
22 would be similar to previous operations. 
23 
24 4.1.1.4 Resources. No resources have been identified that would require 
25 excessive demands, creating any shortages or any other difficulties. The 
26 following provides a brief synopsis of general resources necessary for the 
27 preferred alternative: 
28 
29 Electrical Consumption. Power is purchased wholesale from the Bonneville 
30 Power Administration, a federal power marketing agency. An electrical 
31 transmission and distribution system is used to provide power to the majority 
32 of the Hanford Site. The Hanford Site is a Priority Firm customer, and the 
33 Bonneville Power Administration contractually is obligated to provide as much 
34 power as the Hanford Site requires. Being~ Priority Firm customer ensures 
35 that, in the event of severe regional power shortages, the Hanford Site (along 
36 with other Priority Firm customers) would be the last level of Bonneville 
37 Power Administration service to be shut off. Power to the Bonneville Power 
38 Administration grid is dominated by hydropower (more than 70 percent), which 
39 provides a typically reliable source of power. Hydropower normally is more 
40 constrained by seasonal variation in peak demand than in meeting momentary 
41 peak demand levels . 
42 
43 The average electrical usage for the FFTF during operation was 
44 approximately 110,000 megawatt hours per year (electrical usage during standby 
45 is approximately 55,000 megawatt hours per year). This compares to the total 
46 energy requirements for the Hanford Site during fiscal year 1996, which 
47 exceeded 332,000 megawatt hours. Annual electrical power requirements would 
48 be similar to periods of previous reactor operations. Adequate electrical 
49 energy is available from the regional power grid to supply the FFTF electrical 
50 demands for the new mission . 
51 
52 Water Usage. Groundwater pumped from deep wells located within the 
53 400 Area is used to meet water requirements (FFTF and FMEF). There is one 
54 primary supply well with two standby wells available . The well water is 
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1 chlorinated as it is pumped into one of three 300,000 gallon capacity storage 
2 tanks. The storage tanks supply water for both sanitary water and fire 
3 protection systems. 
4 
5 Heat from the FFTF reactor is dissipated to the atmosphere by means of 
6 sodium-air dump heat exchangers. The only water demand is for fire 
7 protection, sanitary, and process water usage. Withdrawals from current 
8 operations in the 400 Area (52 million gallons per year) might increase by 
9 approximately 5 percent because of the increase in staff and activities at 

10 FFTF and FMEF. It is not expected that these small increases would impact 
11 regional groundwater levels. Approximately 1,200 gallons of sodium 
12 hypochlorite is consumed annually in water treatment. 
13 
14 Argon Usage. Argon usage during reactor operations was approximately 
15 102,000 gallons in 1991 (last full year of operation). Argon consumption 
16 might increase slightly because of the proposed new mission. 
17 
18 Nitrogen Usage. Nitrogen usage during reactor operations was 
19 approximately 500,000 gallons in 1991 (last full year of operation). Nitrogen 
20 consumption is not anticipated to increase because of the prbposed new 
21 missions. 
22 
23 Fuel Oil Usage. Fuel oil is required for the emergency fire pumps, 
24 emergency diesel generators, and for the sodium preheaters in the main heat 
25 transport system dump heat exchangers. Fuel oil usage during operations 
26 averaged approximately 20,000 gallons per year. Fuel oil consumption is not 
27 anticipated to increase because of the preferred alternative activities. 
28 
29 Cooling Water Chemicals. Cooling water chemical treatment (refer to 
30 Section 2.2.1.1.7) is approximately the same each year and would include 
31 approximately 8,000 pounds of anti-scaling agent and 6,000 pounds of biocide 
32 (biological growth control agent). Cooling water chemical consumption is not 
33 expected to increase over previous usage (during years of reactor operation) 
34 because of the preferred alternative activities . . 
35 
36 Other Chemicals. No change is required to the current inventory of bulk 
37 nonradioactive materials such as ethylene glycol solutions used in the chiller 
38 units and NaK used as a coolant for the Interim Decay Storage and cold traps . 
39 The Mobiltherm system was drained and the coolant excessed during the previous 
40 deactivation activities. The Mobiltherm system contained about 1,900 gallons 
41 of a heat transfer oil. Because Mobil therm does not react with NaK, the 
42 system was used as an intermediate cooling media between two NaK cooling 
43 systems and the cooling water system. Therefore, the Mobiltherm (or 
44 equivalent) would need to be refilled before reactor restart. Sufficient 
45 quantities of consumable chemicals are available commercially to support 
46 reactor operations . 
47 
48 Other chemicals also are present at the FFTF. Inventories of chemicals 
49 that are above the Comprehensive Environmental Response, Compensation, and 
50 Liability Act reportable quantities are: sodium (approximately 
51 1,940,000 pounds), polychlorinated byphenyls (approximately 70,000 pounds), 
52 benzene (approximately 17 pounds), dichlorodifluoromethane (approximately 
53 8,000 pounds), sodium hypochlorite (approximately 250 pounds), and sulfuric 
54 acid (approximately 6,000 pounds). 
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1 4.1.1.5 Routine Releases. The estimated environmental releases have been 
2 divided into four categories: 
3 
4 • Radiological airborne emissions 
5 • Nonradiological airborne emissions 
6 • Radiological liquid effluents 
7 • Nonradiological liquid effluents. 
8 
9 4.1.1.5.1 Radiological Airborne Emissions. The FFTF has three points of 

10 exhaust that are permitted by the Washington State Department of Health: the 
11 combined exhaust (Stack No. FFTF-CB-EX), Reactor Service Building 
12 (Stack No . FFTF-RE-SB), and heat transport system-south (FFTF~HR-TR) (refer to 
13 Figure 4-1). The 1990 (typical year of reactor operation) radiological air 
14 emissions from the FFTF complex are listed in Table 4-1, as extracted from 
15 DOE/RL-91-10. 
16 
17 Airborne radionuclides in the FFTF effluent include tritium, argon-41, 
18 and cesium-137. Releases of argon-41 and cesium-137 would be expected to be 
19 comparable to emissions during previous reactor operation (Table 4-1). It is 
20 estimated that 0.5 gram of tritium per year permeated from the fuel and 
21 control rods to the primary sodium during past reactor operation. The lithium 
22 targets lose tritium through the stainless steel cladding by diffusion-related 
23 processes. It is estimated that a maximum of 2% or 30 grams of the 
24 1.5 kilogram per year design goal of tritium could permeate from the targets 
25 to the primary system sodium based on the unclassified tritium target 
26 description (PNNL 1997). As a result, tritium releases could increase by 
27 approximately a factor of 60 (30 grams divided by 0.5 gram), but resulting 
28 doses would remain well below guidelines specified in the Environmental 
29 Compliance Manual (CM-7-5). There is no specific limit on curies released. 
30 Rather, environmental standards strive to limit radioactive emissions to as 
31 low as reasonably achievable and require the use of the best available 
32 radionuclide control technology if releases could result in a maximum offsite 
33 individual dose greater than 0.1 millirem per year. As disc~ssed in the 
34 following, the potential maximum offsite individual dose with tritium 
35 production would be far below this 0. 1 millirem per year guideline. The 
36 following paragraphs discuss the impact of tritium production on operations 
37 and effluents. 
38 
39 Basis for Increased Environmental Release of Tritium and Worker Exposure . 
40 Tritium releases to the environment could increase to about 180 curies per 
41 year during the interim tritium production mission. The maximum offsite 
42 individual dose resulting from this release would be about 0.005 millirem per 
43 year, which is far below the 0.1 millirem per year trigger level for 
44 application of the best available radionuclide control technology. 
45 
46 Historically, only trace amounts of tritium have been found in air and 
47 water samples gathered in occupied_spaces within the FFTF. The resulting 
48 exposure to a worker from these trace levels of tritium was well under 
49 1 millirem per year. Even if these levels increased by a factor of 60, 
SO personnel exposures still would be only a few millirems per year. 
51 
52 Cold Trap Capacity. The FFTF primary cold trap has an impurity capacity 
53 of about 9.2 kilograms of hydrogen. It is estimated that about 12.3 percent 
54 of the original capacity was used during initial sodium fill and heat-up and 
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1 that about 1 percent of capacity is used per year during operation and standby 
2 activities. Thus, about 32 percent of the primary cold trap capacity has been 
3 used to date. The maximum estimated permeation of tritium to the primary 
4 system sodium is 30 grams or 0.03 kilogram per year or about 0.3 percent of 
5 capacity per year . Thus, the total primary cold trap usage rate would be 
6 about 1.3 percent per year or about 40 percent for a 30-year tritium mission 
7 and the total usage at the end of a 30-year tritium mission would be about 
8 70 percent. Secondary cold traps are estimated to last even longer than the 
9 primary cold trap. Spare cold traps are available in the unlikely event that 

10 cold trap changeout would be required . 
11 
12 4.1.1.5.2 Nonradiological Airborne Emissions. The modifications 
13 discussed in . Section 2.2.1.4 generally occur within the facility and do not 
14 represent any new major construction, so there would be only a minimal 
15 increase in particulate emissions. The nonradiological emissions are expected 
16 to be inconsequential based on process knowledge. No constituents are 
17 currently measured or have been required to be monitored during previous 
18 reactor operations. 
19 
20 Gaseous effluents include water vapor from auxiliary cooling towers, 
21 products of combustion from the oil-fired heaters in the dump heat exchangers, 
22 exhausts from the diesel-powered emergency generators and fire pump, and 
23 nitrogen gas from cell purging operations. Approximately 54 gallons per 
24 minute of water vapor is discharged to the atmosphere; the contribution to the 
25 normally arid atmosphere is visible during cold weather . The oil-fired 
26 heaters are used only during reactor shutdown to prevent potential sodium 
27 freezing in the dump heat exchangers. These heaters are of the stationary 
28 type that provide nearly complete combustion. The emergency diesel generators 
29 are operated only during loss of offsite power and for periodic readiness 
30 checks (approximately 30 minutes per month per generator). 
31 
32 The two FFTF emergency diesel generators are included in the Hanford Site 
33 Air Operating Permit Application (HNF-AOP-97-1), with the State of Washington 
34 Department of Eco 1 ogy as the 1 ead regulatory agency for preparation and 
35 enforcement of the terms/conditions of the permit. These internal combustion 
36 engines (designated at 500 horsepower and greater) are identified as 
37 400 E-1500 001 (DG-1) and 400 E-1500 002 (DG-2). The specific regulatory 
38 requirement, emission limit or work practice standards (including opacity, 
39 fugitive emissions, odor, and sulfur dioxide) are provided in the permit 
40 application. · 
41 
42 The nitrogen gas is essentially pure and is exhausted from central 
43 filtered exhaust already mixed with quantities of air so that nitrogen 
44 enrichment of the air is unnoticeable. 
45 
46 4.1.1.5.3 Radiological Liquid Effluents. At the FFTF there are no 
47 radioactive liquid effluent pathways to the environment. All radiological 
48 liquids are collected and disposed as low-level waste as discussed in 
49 Section 4.1.1.9.1. Operation of the FFTF for the production of tritium will 
50 not contribute to existing tritium contamination of the groundwater, which is 
51 present because of past Hanford Site activities that are unrelated to 400 Area 
52 (i.e., FFTF and FMEF) operations, either past or present . 
53 
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4.1.1.5.4 Nonradiological Liquid Effluents. The only nonradiological 
liquid effluents from the FFTF complex consist of sanitary and process water 
discharges . 

5 Process Wastewater. Under the State Waste Water Discharge Permit 
6 Number ST 4501 (issued August 1, 1996), the 400 Area process wastewater system 
7 is regulated to discharge nonradioactive wastewater to a pair of percolation 
8 ponds immediately north of the 400 Area. Only certain operating systems are 
9 · allowed to discharge into the process wastewater system under the current 

10 permit. Administrative controls are in place to meet this condition . In 
11 accordance with permit requirements, the process wastewater effluent and 
12 groundwater monitoring wells are sampled periodically to monitor compliance 
13 with permit conditions. Under the preferred alternative, approximately 
14 19 million gallons of process wastewater would be discharged to the ponds 
15 annually. This estimate is based on historical flow data , plus anticipated 
16 system operational requirements. 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
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47 
48 
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Sanitary Wastewater. In October 1996, U.S. Department of Energy, 
Richland Operations Office (DOE-RL) signed an agreement with the Washington 
Public Power Supply System to allow the 400 Area sanitary wastewater to be 
discharged to the Washington Public Power Supply System treatment system via 
an existing tie line. This discharge began in April of 1997 . Washington 
Public Power Supply System sanitary wastewater discharge and treatment system 
is regulated under the State of Washington Energy Facility Site Evaluation 
Council Resolution No. 259. Under the preferred alternative, approximately 
14 million gallons of sanitary wastewater would be discharged from the 
400 Area (FFTF and FMEF) annually. This value is based on projected usage 
with sufficient staff in the 400 Area to support FFTF and FMEF operations in 
support of the new missions. 

4.1 . 1.6 Routine Operations: Worker and Public Exposure. Section 4.1.1 .5 
describes the radiological and hazardous chemical releases and tneir 
associated impacts resulting from routine operation of the FFTF for the 
preferred alternative. The resulting doses and potential health effects on 
the public and workers at FFTF are described as follows. The impacts would be 
wi thin applicable regulatory limits. 

Radiological Impacts. Restart of the FFTF for interim tritium and 
long-term medical isotope production would result in an estimated maximum 
effective dose equivalent to an offsite individual of approximately 
0.005 millirem per year. This projected level of exposure is well below the 
federal U.S . Environmental Protection Agency airborne radionuclide limit of 
exposure to any member of the public of 10 millirem per year effective dose 
equivalent (40 CFR 61). Dose rate estimates are based on past operating data 
(DOE/RL-91-10) and a projected 60-fold increase in tritium release levels. 
During past reactor operations (based on 1990 data), the maximum offsite 
exposure to an individual was 0.00056 millirem from air emissions, of which 
about 15 percent was from tritium. Therefore, if the amount of tritium 
released to the atmosphere increases by a factor of 60 greater than previous 
operation (refer to Section 4.1 .1.5.1) , the maximum offsite exposure to an 
individual would increase to 0.0054 millirem . 

The annual dose for the total population residing within a 50-mile radius 
of the FFTF from 1990 operations (year of reactor operation) was reported in 
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1 DOE/RL-91-10 , and is shown i n Table 4- 2. If the amount of tritium released 
2 increases by a factor of 60, the regional population dose would increase from 
3 0.01 to about 0.011 person-rem. For comparison, the regional population dose 
4 from natural and other sources of radiation would be about 124,000 person- rem. 
5 
6 Figure 4-2 provides the quarterly and annual person~rem dose equivalent 
7 for all FFTF personnel who were issued dosimeters (varied from about 200 to 
8 300 personnel) . Reactor operations ceased in 1992. If FFTF returns to 
9 operation, anticipated doses would be expected to be comparable to those shown 

10 in Figure 4-2, which are less than DOE guidelines specified in the Hanford 
11 Site Radiological Control Manual (HSRCM-1) . 
12 
13 Nonradiological Impacts. It is anticipated that routine operations would 
14 not result in exposure of toxic or noxious vapors to workers or members of the 
15 general public. Toxicological exposure to hazardous materials routinely used 
16 during maintenance activities (e.g., glycol, solvents, asbestos) would be 
17 expected to be minimized by the use of required protective clothing and 
18 administrative controls. 
19 
20 Nonradiological risks to workers from occupational illness or injury are 
21 based on statistics for DOE and DOE-contractor experience (DOE 1996). The 
22 average 'total recordable case rate' for the years 1990-1994 was 4. 1 per 
23 200,000 worker hours . Using the standard assumption for DOE and contractors 
24 of 1,830 hours per year for a full-time-equivalent worker, the average total 
25 recordable case rate amounts to about 0.038 per full-time-equivalent worker , 
26 or about one for every 27 full-time-equivalent workers. The rates were 
27 somewhat higher for construction activities, which accounted for about 
28 18 percent of the reportable cases and about 10 percent of the work force in 
29 1995 (or about one case per 15 full-time-equivalent workers). Total 
30 recordable cases include all work-related deaths, illnesses, and injuries that 
31 impair worker performance or require medical treatment beyond first aid . Of 
32 DOE's total recordable cases in 1995, 0.06 percent were fatalities , 45 percent 
33 were lost workday cases, and slightly less than 55 percent were nonfatal cases 
34 without lost work time. 
35 
36 During its 10-year history of operations, there were no worker fatalities 
37 at FFTF. Worker injury rates were below DOE averages. For the preferred 
38 alternative, worker injury rates are expected to be comparable to those 
39 experienced during past operations. 
40 
41 4.1.1.7 Radiological and Hazardous Chemical Impacts During Postulated 
42 Accidents. A range of potential accidents have been postulated for which 
43 there might be releases of radioactive or hazardous materials that might 
44 impact onsite workers and the offsite population. This spectrum includes 
45 bounding accidents associated with the reactor core and operation, handling 
46 accidents, equipment failure, natural phenomena accidents, and human error . 
47 Accidents are evaluated for four annual frequency ranges: anticipated 
48 (greater than 10·2

), unlikely (between 10·2 and 10·4), extremely unlikely 
49 (between 10·4 and 10·6

), and incredible (less than 10·6 ). The accidents with 
50 frequencies greater than 10·6 are considered design-basis accidents. A 
51 description of the in-reactor and ex-reactor accidents evaluated and the 
52 associated consequences are described in Sections 4. 1.1 .7.1 and 4.1 .1.7. 2, 
53 respective 1 y. 
54 
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1 A detailed safety analysis and revision of the final safety analysis 
2 report would be completed before the reactor restarts. The accidents and 
3 source terms selected for the analyses discussed herein result in bounding 
4 consequences to demonstrate that the consequences of potential accidents 
5 associated with the proposed mission are within established guidelines. 
6 
7 No quantitative evaluations were performed for an annual frequency range 
8 greater than 10-2

• The FFTF systems and equipment are designed based on the 
9 assigned safety classification of the equipment, systems, or structures. 

10 Examples of accidents that could occur in this frequency range include 
11 industrial accidents such as falls, small chemical spills, drop of a filter, 
12 small gas leak, small sodium spill, etc. The consequences of such accidents 
13 would be very low. 
14 
15 4.1.1.7.l In-Reactor Accidents. A wide range of postulated reactor 
16 accidents was analyzed in the existing FFTF final safety analysis report. 
17 These included design basis accidents in the anticipated, unlikely and 
18 extremely unlikely event categories plus very low probability beyond design 
19 basis (hypothetical) events. For the design-basis events, the reactor 
20 shutdown system was shown to initiate reactor scram in sufficient time to 
21 maintain calculated cladding temperatures/strains within limits that assured 
22 that integrity of the fuel cladding was maintained. Two beyond design basis 
23 event~ also were analyzed: unprotected transient overpower and unprotected 
24 loss of flow (unprotected refers to the assumption that the reactor shutdown 
25 system fails to shut down the reactor). A reliability analysis of the reactor 
26 shutdown system was performed and indicated that the probability of occurrence 
27 of an unprotected transient was less than 10-9 per year. These two 
28 unprotected events (classified as incredible) were considered to bound the 
29 consequences of other potential beyond-design-basis events such as a loss of 
30 decay heat removal capability. For the beyond-design-basis events, it was 
31 shown in the final safety analysis report that although some level of core 
32 disruption was anticipated, the reactor, primary heat transport system and 
33 containment boundaries would remain intact and the offsite .radiological 
34 consequences would be well within the reactor siting guidelines of 10 CFR 100. 
35 
36 The following sections provide a summary of the in~reactor accidents 
37 reanalyzed for the tritium reference core. The results are summarized in 
38 Tables 4-3 and 4-4 and details of the analyses are documented in the reports 
39 provided in Appendix E.1.1-3. 
40 
41 Design-Basis Events -- The final safety analysis report identified and 
42 analyzed a wide range of design-basis reactivity insertion (transient 
43 overpower) and reactor undercooling events. The three most limiting events, a 
44 very slow reactivity insertion (estimated probability .of occurrence per year 
45 1.0 E-4 to 1.0 E-6), a very rapid reactivity insertion (estimated probability 
46 of occurrence per year 1.0 E-4 to 1.0 E-6) and a continuous reduction in 
47 primary sodium flow caused by a failure in the flow control system (estimated 
48 probability of occurrence per year- >1.0 E-2), were reanalyzed for the tritium 
49 reference core. For each of these events, the results are very similar to 
50 those presented in the final safety analysis report. They demonstrate that 
51 the existing reactor shutdown system is adequate to maintain fuel cladding 
52 integrity and prevent the release of radioactivity during the most limiting 
53 design-basis events. 
54 
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1 Beyond-Design-Basis Events -- The final safety analysis report results 
2 indicated that the unprotected transient overpower event wo~ld be terminated 
3 by fuel melting and sweepout from a few fuel assemblies and in-pl ace cooling 
4 of the remainder of the core. There was no identified source of substantial 
5 energetics that would challenge the integrity of the reactor vessel, primary 
6 heat transport system, or containment boundaries. However, the final safety 
7 analysis report results for the unprotected loss of flow event indicated that 
8 full core meltdown was likely. Although a relatively benign scenario of fuel 
9 melting/bailout was predicted, the possibility of energetics from either large 

10 reactivity insertion events or hot core interaction with outlet plenum sodium 
11 (rapid generation/expansion of sodium vapor) could not be precluded. 
12 Conservative estimates of the energy releases from these scenarios were made 
13 and it was shown that the reactor vessel, primary heat transport system, and 
14 containment boundaries would remain intact (although some primary sodium, up 
15 to 300 pounds, was calculated to be expelled through reactor head seals into 
16 the containment building due to sodium slug impact on the underside of the 
17 reactor head). With the containment intact, the calculated radiological 
18 releases were well below established 10 CFR 100 reactor siting guidelines in 
19 spite of the extensive core disruption. 
20 
21 Re-analysis of the unprotected transient overpower event for the tritium 
22 reference core shows results very similar to those presented in the final 
23 safety analysis report (i.e., failure of a few assemblies with no source of 
24 substantial energetics). Re-analysis of the unprotected loss of primary flow 
25 event shows considerable margin to sodium boiling (approximately 270°F), thus 
26 core melting is not expected. The primary reason for this change in core 
27 response to a loss of flow is the large reduction in Doppler reactivity 
28 feedback in the tritium reference core (Doppler feedback adds positive 
29 reactivity in the early stages of this accident since power and fuel 
30 temperatures are decreasing. This reduction in positive feedback allows power 
31 to decrease substantially more for the tritium reference core than it did in 
32 the final safety analysis report calculation). Although some fuel pin 
33 cladding failures may occur due to the elevated sodium temperatures, the 
34 radiological releases would be substantially less than those for the loss of 
35 decay heat removal event described below. 
36 
37 The loss of decay heat removal was not specifically addressed in the 
38 existing final safety analysis report but was considered to be bounded by the 
39 analyzed unprotected loss of flow event. However, with the substantial 
40 reduction in severity of the unprotected loss of flow event for the tritium 
41 reference core, this is not likely the case now. An extended loss of decay 
42 heat removal event will most likely result in melting of some, and possibly 
43 most, of the core (although many hours or even days will be required). 
44 Beca~se of the slower accident progression compared to the unprotected loss of 
45 flo·w event analyzed in the final safety analysis report, energetics comparable 
46 to those calculated in the final safety analysis report are considered much 
47 less likely. Note, no remedial actions are assumed for recovery of decay heat 
48 removal. However, for bounding purposes, the radiological consequence · 
49 analysis has considered full core meltdown and release of all noble gases and 
50 1% of the fuel and other fission products. In addition, the analysis includes 
51 the release of 300 pounds of additional primary sodium to containment to 
52 account for potential leak paths associated with the radioisotope rapid 
53 retrieval system. Finally, release of the radiological inventory from all of 
54 the tritium and medical isotope target assemblies was considered. 
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1 The resulting doses and toxic concentrations for the loss of decay heat 
2 removal event for -the tritium reference core are given in Table 4-4 . There 
3 are no Hanford Site risk guidelines for hypothetical accidents. However, as a 
4 point of reference , it is noted that radiological doses and toxic 
5 concentrations at the site boundary were calculated to be 0.89 rem and 
6 0.00092 milligram per cubic meter of sodium hydroxide , respectively. The 
7 radiological dose for this incredible event is well below even the offsite 
8 radiological risk guideline of 5 rem for an unlikely event (1 E-4 to 1 E-2) 
9 (HNF-PR0-514). The concentration of sodium hydroxide for this incredible 

10 event also is below the Emergency Response Planning Guidelines-1 (ERPG-1) of 
11 2 milligrams per cubic meter (HNF-PR0-514) for an unlikely event. ERPG-1 is 
12 the maximum airborne concentration below which it is believed that nearly all 
13 individuals could be exposed for up to 1 hour without experiencing other than 
14 mild transient adverse health effects or perceiving a clearly defined -
15 objectionable odor . This demonstrates a wide margin of safety even for this 
16 hypothetical event . Because this accident evolves over hours or even days, 
17 onsite workers would be evacuated before substantial radiation levels were 
18 reached. Therefore , the consequences to the 100 meter onsite receptor were 
19 not calculated. · 
20 
21 4.1.1.7.2 Ex-Reactor Accidents. A range of accidents related to 
22 ex- reactor irradiated fuel and target handling were postulated to occur 
23 outside of the reactor vessel (i .e., ex-reactor). The accident scenarios were 
24 selected from the FFTF final safety analysis report and evaluated using 
25 bounding source terms for the higher fuel enrichment and for the tritium and 
26 medical isotope targets. The design release fraction for tritium targets is 
27 specified to be 0.8 percent provided the temperature of the target is 
28 ma i ntained below an operating temperature of l,000°F . The accidents that 
29 would lead to the maximum radiological consequences were selected and maximum 
30 source terms for fuel and targets were used. In addition, two in-containment 
31 sodium spill accidents were re-evaluated to estimate effects of increased fuel 
32 enrichment and the presence of the rapid retrieval systems . 
33 
34 Accident consequences were evaluated using four maximally impacted 
35 receptor locations for accidents involving toxicological or radiological 
36 releases: the onsite worker at 100 meters; receptor at 1.5 miles ; receptor at 
37 4.5 mi les east (site boundary - near Columbia River bank) ; and receptor 
38 5.4 mi les south (site boundary) . In addition, offsite po~ulation doses out to 
39 a radius of 50 miles were calculated for the maximally impacted sector for 
40 radiol ogical releases . 
41 
42 Table 4-5 provides a summary of the dose consequences and cancer 
43 fatal i ties associated with each event for the receptors at 100 meters, 
44 5.4 mi les, and the offsite population out to a radius of 50 miles. For 
45 brevity, the two other receptor locations were not included in Table 4-5, but 
46 are addressed in Appendix E.1.2. For detailed information of the analyses , 
47 source terms , releases, and dose consequences , refer to Appendix E.1.2 . The 
48 Hanford Site uses the risk guidelines given in HNF-PR0-514 to compare proposed 
49 activities with allowable limits based on the frequency of the event . The 
50 radiological and toxicological doses and exposures for all receptors were well 
51 below these risk guidelines . 
52 
53 Ingestion doses were calculated for information only because (a) any 
54 measur able contamination of agricultural land due to a radiological accident 
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1 on the Hanford Site would cause immediate evacuation of people and 
2 interdiction of crops, meat, milk, etc., so that the ingestion dose does not 
3 represent a realistic exposure pathway; and (b) any actual doses to the public 
4 from such a pathway would be largely determined not by the severity of the 
5 accident itself, but by the effectiveness of recovery actions taken after the 
6 accident. 

. 7 
8 Ingestion doses are reported here for two scenarios: a winter scenario 
9 in which it is assumed that the passing contamination falls on bare soil and 

10 the potential doses represent the result of crop uptake from the soil over the 
11 next 50 years; and an autumn (worst case) scenario where, in addition to 
12 producin~ soil contamination, the airborne contamination is assumed to fall on 
13 crops that are about to be harvested for human and animal consumption. In 
14 both cases, the effects of meat, milk, and egg consumption are included, as 
15 well as direct shine radiation to a resident from soil contamination and 
16 internal exposure due to inadvertent soil ingestion. The ingestion pathway 
17 receptor for this case is at the same location as the worst-case site boundary 
18 receptor. The ingestion pathway receptor is assumed to grow his/her own food, 
19 including a variety of crops, meat and dairy products, reside at his/her 
20 location continuously, and to be exposed to direct radiation due to ground 
21 contamination while working in his/her fields for a period of 50 years 
22 following the accident. No credit is taken for uncontaminated foodstuffs 
23 brought in from outside the area. Details of the modeling are documented in 
24 PNL-6584. For each of the following accidents, the ingestion doses are 
25 reported following the respective tables providing summary information on the 
26 event. 
27 
28 Seismic Event During Fuel Assembly Transfer (estimated probability of 
29 occurrence per year: 1.0 E-4 to 1.0 E-6)--The bottom loading transfer cask is 
30 used to transfer single core components from the containment building to the 
31 sodium storage vessel located in the fuel storage facility or to a cask at the 
32 cask loading station or the solid waste transfer pit in the Reactor Service 
33 Building. The bottom loading transfer cask is qualified to protect a fuel 
34 element from breach of cladding during a design-basis earthquake. However, if 
35 an element is being transferred into or out of another vessel when a 
36 design-basis earthquake occurs, a potential for damage to the component 
37 exists. This event is much less likely than the design-basis earthquake, 
38 because of the small fraction of process time spent in transfer of an assembly 
39 from one vessel to another. 
40 
41 The bottom loading transfer cask is designed to remain upright during a 
42 design-basis earthquake at all transfer locations. It is assumed that the 
43 component (i.e., fuel or target) is damaged during this scenario due to the 
44 bottom loading transfer cask moving along the rails during the fuel transfer. 
45 The assembly itself arrests the bottom loading transfer cask movement along 
46 the rails; however, the assembly might be deformed in the process . This 
47 accident was analyzed for maximum releases from worst-case medical isotope and 
48 tritium targets, as well as a fuel assembly . 
49 
50 Failure of fuel pin cladding is not predicted by analysis; however, for 
51 conservatism, the following assumptions were made in the final safety analysis 
52 report and are specified for this re-evaluation of a fuel assembly. 
53 
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• The decay heat of the assembly is the maximum of 1.4 kilowatts. 

• The fuel region of the assembly is in the transfer interface such that 
the fuel could be damaged. 

• 5 percent of the fuel pins are assumed to lose cladding integrity. 

• Release fractions are 1.0 for noble gases, 0.5 for halogens, and 
0.05 for volatile solids. 

• The release fraction for transuranics and nonvolatile solids is 
determined as follows: 5 percent of the fuel in the column is crushed 
and 5 percent of the crushed fuel is of respirable size 
(~10 micrometers). A suspension and release fraction of 1 percent is 
assumed for the respirable particles, i.e., 1 percent is released from 
the bottom loading transfer cask and from containment or the Reactor 
Service Building. 

• A 50 percent plateout fraction is assumed for halogens. 

• No containment isolation is assumed and the release is assumed to 
occur at ground level. 

Because the tritium and medical isotope target assemblies have not been 
structurally analyzed for this type of impact event, all the target assembly 
rods are assumed to breach. No credible scenario has been identified that 
could produce temperatures high enough to vaporize target material or release 
material from a getter. The decay heat of the tritium target is low (less 
than 350 watts), and no credible fire scenario for handling accidents inside 
the facility has been identified. Because only one assembly can be 
accommodated by the bottom loading transfer cask, the maximum release for this 
accident is from one fuel or target assembly only. 

Table 4-6 gives a comparison of the consequence analysis results to risk 
guidelines given for the Hanford Site (HNF-PR0-514). The highest dose is from 
the iodine-125 production target (due to the higher release fraction for the 
gas target). This is a preliminary value that is overly conservative. It is 
planned to recalculate this event based on a more credible inventory. All 
other medical isotopes evaluated were substantially lower in dose 
consequences. Both onsite and offsite individual receptor doses are well 
within risk guidelines. 

Ingestion doses for the worst-case site boundary receptor for winter and 
autumn scenarios are given in the following. As discussed previously, 
ingestion and ground shine doses do not reflect realistic pathways in an 
accident and are given for information only. 

Fuel assembly 
Tritium target 
Medical isotope target 

Ingestion 
Winter 
2.09 E-1 

0 
4.56 E-1 

Doses (rem) 
Autumn 
7.24 E+O 
2.95 E-1 
5.09 E+2 
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Drop of the Solid Waste Cask (estimated probability of occurrence: 
1.0 E-4 to 1.0 E-6)--The solid waste cask is assumed to be dropped from the 
maximum allowed height with a full load of either seven irradiated fuel 
assemblies, six irradiated tritium target assemblies, or a maximum 
transportation load of 361 irradiated tritium target pins. As a limiting 
case, the impact is assumed to cause 100 percent of the pins in the solid 
waste cask to fail so as to release any gases present. No particulates are 
expected to be released. Even though the core component container is not 
expected to leak in this accident, it is further assumed that 100 percent of 
the gas released into the interior of the core component container is released 
into the solid waste cask and thence to the environment through failed seals. 

All the target assembly pins in the six tritium targets also are assumed 
to breach for purposes of this analysis. As previously stated, no credible 
heat source has been identified that could vaporize target material or release 
material from a getter. 

Table 4-7, gives a comparison of the consequence analysis results to risk 
guidelines given for the Hanford Site (HNF-PR0-514). Both onsite and offsite 
individual receptor doses are well within risk guidelines. The highest 
receptor dose occurs from the bounding transportation loading of 
361 irradiated tritium target pins. However, these target doses (shown in the 
fourth column of Table 4-7) also are well within the risk guidelines for the 
unlikely frequency category (1 .0 E-2 to 1.0 E-4 per year) . 

Ingestion doses for the worst-case site boundary receptor for winter and 
autumn scenarios are given in the following. As discussed previously, 
ingestion and ground shine doses do not reflect realistic pathways in an 
accident and are given for information only. 

Fuel assembly 
Six tritium targets 
361 tritium pins 

Ingestion 
Winter 

0 
0 
0 

Doses (rem) 
Autumn 
3.48 E-2 
1.77 E+O 
5.60 E+O 

Drop of the Core Component Container from the Solid Waste Cask (estimated 
probability of occurrence per year: 1.0 E-2 to 1.0 E-4)--Drop of a core 
component container containing seven fuel assemblies occurs from the solid 
waste cask into an interim storage cask coupled with failure of the cask 
loading station elevator allowing the core component container and the interim 
storage cask to fall to the cask loading station floor. This accident 
produces an intense radiation field that is assumed to expose an individual 
standjng at the edge of the cask loading station. The impact limiter on the 
cask loading station elevator is assumed to prevent any releases from fuel 
assemblies. A similar event was analyzed for the tritium targets, 
conservatively assuming maximum releases. 

The dose to a worker from this event was calculated to be 0.11 rem. This 
value is well below the risk guideline of 25 rem normally applied to the 
onsite receptor at 100 meter for the Hanford Site . Because of geometric 
attenuation and shielding by structures and intervening air, receptors at or 
beyond the 100 meter onsite receptor distance will not receive a substantial 
dose from direct or scattered radiation from the core component container. 
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1 Receptor doses due to exposure to the tritium plume for the case of six 
2 tritium target assemblies in the core component container are compared to the 
3 risk guidelines in Table 4-8. Note that no risk guidelines are given for the 
4 1.5-mile receptor or for population dose. Both onsite and offsite individual 
5 receptor doses are well within risk guidelines. 
6 
7 Beyond-Design-Basis Drop of a Maximally Loaded FFTF 'Fuel Cask (estimated 
8 probability per year: 1.0 E-4 to 1.0 E-6}--The interim storage cask loaded 
9 with seven irradiated fuel assemblies is dropped from above the analyzed 

10 height of 8 feet and the cask containment boundary is assumed to be broken. 
11 Despite the presence of an impact limiter, the mechanical shock is assumed to 
12 cause cracking in 100 percent of the fuel pins and to crush and expose 
13 1 percent of the fuel material. However, such an impact is not expected to 
14 result in a major escape path out of the cask. Instead, such an impact would, 
15 at most, produce some possible cracked .welds or failure of a lid seal. The 
16 following conservative assumptions were made in the final safety analysis 
17 report and are specified for this re-evaluation of a fuel assembly. 
18 
19 • The decay heat of each assembly is the maximum of 250 watts. 
20 
21 • 100 percent of the fuel pins are assumed to lose cladding integrity. 
22 
23 • The following release fractions are assumed: 
24 
25 - Noble gases and tritium: 100 percent of pins breached; 100 percent 
26 release 
27 
28 - Halogens: 100 percent of pins breached; 10 percent release of 
29 halogens (cold fuel); 50 percent plateout of halogens 
30 
31 - Volatile solids (cadmium and cesium) : 100 percent of pins breached; 
32 1 percent of pellets crushed and exposed; 5 percent release from 
33 exposed pellets; 1 percent release through cracks in cask 
34 
35 - Nonvolatile solids: 100 percent of pins breached; 1 percent of 
36 pellets crushed and exposed; 1 percent release from exposed pellets; 
37 5 percent respirable (~10 micrometers); 1 percent release through 
38 . cracks in cask. 
39 
40 Consequence analysis results for the beyond-design-basis interim storage 
41 cask drop were compared to risk guidelines (HNF-PR0-514) for accidents in the 
42 extremely unlikely frequency category with the results shown in Table 4-9. 
43 Note that no risk guidelines are given for the 1.5-mile receptor or for 
44 population doses. Both onsite and offsite individual receptor doses are well 
45 within risk guidelines. 
46 
47 Ingestion doses for the worst-case site boundary receptor are 
48 2.81 E-3 rem for winter and 1.22 E-1 rem for autumn. As discussed before, 
49 ingestion and ground shine doses do not reflect realistic pathways in an 
50 accident and are given for information only . 
51 
52 Hypothetical Unrestricted Release of Fuel Inventory (estimated 
53 probability per year: 1.0 E-6 to 1.0 E-7)--A hypothetical (non-mechanistic) 
54 release occurs from a maximally loaded interim storage cask. The accident is 
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1 a hypothetical disruption that is modelled as a crushing/shearing of the core 
2 component container and the seven fuel assemblies within it, and creation of a 
3 lar_ge release path out of the cask. This accident was previously analyzed in 
4 the FFTF final safety analysis report and for the original fuel composition 
5 and was · re-analyzed for the new fuel enrichment (42 percent enriched fuel is 
6 conservatively assumed) . The frequency of this event is specified to be in 
7 the range 1.0 E-6 to 1.0 E-7 per year (incredible). 
8 
9 The following assumptions were made in the final safety analysis report 

10 and are specified for this re-evaluation of a fuel assembly. 
11 
12 • The decay heat of each assembly is the maximum of 250 watts. 
13 
14 • 100 percent of the fuel pins in seven assemblies are assumed to be 
15 breached . 
16 
17 • The following release fractions are assumed: 
18 
19 Noble gases and tritium as water vapor: 100 percent of pins 
20 breached; 100 percent release 
21 
22 - Halogens: 100 percent of pins breached; 10 percent release of 
23 halogens (cold fuel); 50 percent plateout of halogens 
24 
25 Volatile solids (cadmium and cesium): 100 percent of pins breached ; 
26 5 percent of pellets crushed and exposed; 5 percent release from 
27 exposed pellets 
28 
29 - Nonvolat i le solids: 100 percent of pins breached; 5 percent of 
30 pellets crushed and exposed ; 1 percent release from exposed pellets; 
31 5 percent respirable (~10 micrometers) . 
32 
33 Calculated doses are given in Table 4-10. There are no risk guidelines 
34 for incredible events. The analysis demonstrated that consequences are not 
35 severe . 
36 
37 Ingestion doses for the worst-case site boundary receptor are 
38 1.67 E-1 rem for winter and 4.88 E+O rem for autumn . As discussed previously , 
39 ingestion and ground shine doses do not reflect realistic pathways in an 
40 accident and are given for information only . 
41 
42 Large 25,000 Pound Sodium Spill to a Heat Transport System Cell Open to 
43 Reactor Containment (estimated probability of occurrence per year: 1.0 E-4 to 
44 1.0 E-6)--This accident assumes that 25,000 pounds of primary system sodium is 
45 spilled to an heat transport system cell open to containment during reactor 
46 shutdown . Cells containing primary system sodium piping normally are inerted 
47 but these cells might have an air atmosphere and be open to containment during 
48 maintenance and repair activities . - The entire quantity of sodium is assumed 
49 to burn . The containment isolation system will seal the containment, but a 
50 release of radioactive material still will occur because the containment has a 
51 design leakage rate of 0.5 percent per day at 2 pounds per square inch gauge. 
52 The peak pressure in the containment for this accident is given in the FFTF 
53 final safety analysis report as 1. 7 pounds per square inch gauge. It takes 
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1 approximately 17 hours to completely burn the sodium. The pressure decays 
2 slowly after the cessation of the burn. 
3 
4 Additional assumptions for this accident scenario are summarized as 
5 follows. 
6 
7 • The sodium is assumed to contain fission and activation products 
8 corresponding to 1 percent failed fuel operation. The accident is 
9 assumed to occur 2 days after the reactor is shutdown. Cells 

10 containing primary system sodium piping are inerted during power 
11 operation, and 2 days is a conservative estimate of the time after 
12 shutdown to de-inert the heat transport system cells. 
13 
14 • The entire inventory of the fission products contained in the sodium 
15 is assumed to be released to containment including tritium in the 
16 coolant. The entire inventory of radioactive material in the cover 
17 gas also is assumed to be released to the containment. 
18 
19 • Inventories are based on 1 percent failed fuel operation. 
20 
21 • No credit for plateout is assumed. 
22 
23 The onsite receptor dose is calculated by adding the direct shine dose 
24 from containment to the plume inhalation and submersion dose. The resulting 
25 total is 19 rem at the onsite (100 meter) receptor. 
26 
27 Sodium mainly forms sodium oxide upon burning that, in the presence of 
28 moisture, can form the more toxic sodium hydroxide. Toxic risk guidelines for 
29 NaOH are based on peak concentration in air (milligram per cubic meter). 
30 
31 Doses, toxic concentrations, and risk guidelines are given in Table 4-11. 
32 Doses and toxic concentrations for all receptors are well below risk 
33 guidelines . 
34 
35 Ingestion doses for the worst-case site boundary receptor are 
36 8.90 E-3 rem for winter and 8.90 E-1 rem for autumn. As discussed previously, 
37 ingestion and grriund shine doses do not reflect realistic pathways in an 
38 accident and are given for information only. 
39 
40 Failure of the Rapid Retrieval System During a Hypothetical Core 
41 Disruptive Accident (estimated probability of occurrence per year: 1.0 E-6 
42 to 1.0 E-7)--The selected event is a bounding accident for the rapid retrieval 
43 system. It assumes a failure in the system boundary occurs during the 
44 beyoRd-design-basis hypothetical core disruption accident. This results in 
45 the postulated release of 600 pounds of primary system sodium including the 
46 contribution from fission products, tritium, and medical isotopes to the 
47 containment atmosphere, and culminating in a slow release of this 
48 radioactivity from containment to the environment. Refer to Section 4.1.1.7.1 
49 for a discussion of this accident and its consequences. 
50 
51 4.1.1.7.3 Criticality Considerations. Criticality safety is assured by 
52 meeting the following basic requirements. Fissionable material operations are 
53 controlled by engineered safeguards and/or procedures such that a 
54 two-contingency policy is satisfied. The two-contingency policy states that 
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at least two unlikely, independent, and concurrent events must occur before 
criticality is possible. The quantity of fissionable material is handled such 
that a batch will not exceed 45 percent of the critical quantity (mass or 
number). The k~ff* of an array under any allowed condition or credible 
accident conditions will not exceed 0.95 at the 95 percent confidence level . 

' 

Meeting these requirements with the nominal 40% enriched fuel will 
require additional criticality safety evaluations. Scoping criticality safety 
calculations for 42 percent plutonium, using the validated computer code 
MONK6B (UKAEA 1988), show the minimum critical number of fuel assemblies, k ff 
less than 0.95, is between 3 and 4 ·in water, between 10 and 11 in sodium an~ 
between 13 and 14 in air. _These are less than corresponding minimum critical 
numbers for the current nominal 25 percent fuel but are comparable with the 
numbers for metal fuel that has been handled, used, and stored at FFTF. The 
effect of the higher enriched fuel may be to reduce the number of assemblies 
that can be handled or stored at one time in the IEM Cell, Interim Decay 
Storage, Fuel Storage Facility, and interim storage casks. Further 
evaluations will define the specific operating parameters to ensure that the 
same level of criticality safety is maintained. 

4.1.1.8 Labor. It is expected that the existing Hanford Site workforce would 
provide necessary modifications to FFTF equipment and/or systems to support 
the interim tritium and long-term medical isotope production mission. The 
peak workforce during the restart period would be approximately 540 employees. 
Approximately 515 full-time employees would operate the FFTF after full 
tritium production . levels are reached. 

4.1.1.9 Waste Generation. Liquid and solid waste streams that could be 
generated are discussed in the following sections. 

4.1.1.9.l Liquids. The proposed restart of FFTF would result in similar 
waste generation as during previous reactor operations. The quantities 
discussed in the following sections reflect conservative estimates based on 
historical FFTF data. The average amount of liquid low-level waste shipped 
from FFTF during the years of reactor operation (1982-1992) was approximately 
5,800 gallons per year. The bulk of this waste stream was spent wash water 
from the sodium removal system, used to wash components in the IEM Cell before 
disassembly or processing. In addition, some wastewater from decontamination 
activities in MASF was generated. In 1995, an ion exchange system was added 
to the sodium removal system to allow reuse of the wash water. Use of the ion 
exchange system has reduced the volume of low-level liquid currently generated 
to approximately 1,000 gallons per year. This would not be expected to change 
as a result of the implementing the preferred alternative. The radionuclides 
in the liquid waste stream are tritium, cesium-137 , cesium-134, cobalt-60, 
manganese-54, and sodium-22. The liquid waste is collected in tanks, 
transferred to a rail car, and transported to existing facilities in the 
200 Areas for treatment, storage, and/or disposal. Systems and tanks 
containing low-level liquid waste are located in areas of the facility 
designed to prevent the release of radioactive liquids to the environment. 

* K-effective--is a measure of the "multiplication capability" for a 
nuclear reactor. 
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1 It is estimated that approximately 4 cubic yards of dangerous waste would 
2 be generated annually. This estimate is based on average amounts of waste 
3 generated during the years of past reactor operations (1982-1992). Refer to 
4 Section 2.2.1.5 for typical dangerous waste generated at FFTF. 
5 
6 Annual discharges of process and sanitary wastewater (19 million gallons 
7 and 14 million gallons, respectively) were discussed in Section 4.1.1.5.4. 
8 
9 4.1.1.9.2 Solids. The average amount of solid low-level waste generated 

10 during the years of reactor operation was approximately 35 cubic yards per 
11 year. If FFTF restarts, it is estimated that 55 cubic yards per year of solid 
12 low-level waste would be generated. This estimate does not include the volume 
13 of the buri a 1 containers themse 1 ves. · The estimate is based on previous 
14 operating history and projected additional waste that would be generated 
15 because of disassembly of target assemblies. The waste stream includes 
16 compactible and noncompactible solid low-level waste, spent resin beds from 
17 the sodium removal system ion exchanger, hardware from tritium and isotope 
18 target disassembly, and spent non-fueled reactor components. Solid low-level 
19 waste is packaged in the appropriate containers or burial casks, and sent to 
20 the 200 Areas Low-Level Burial Grounds for disposal. The nature and volume of 
21 the solid waste from FFTF operations would be small when compared to annual 
22 average quantities of waste similarly handled on the Hanford Site. For 
23 example, in calendar year 1995, 15,070 cubic meters (approximately 
24 3. 7 x 105 total curies) of radioactive solid waste was received at the Central 
25 Waste Complex for disposal (Summary of Radioactive Solid Waste Received in the 
26 200 Areas During Calendar Year 1995, WHC-EP-0215-8). · 
27 
28 4.1.1.10 Costs. The cost for FFTF restart is estimated to be $185 million 
29 fiscal year 1996 dollars over a 3-1/2 year period, with an annual operating 
30 cost of $55 million constant fiscal year 1996 dollars. 
31 
32 4.1.1.11 Schedule. Approximately 3-1/2 years would be required to restart 
33 FFTF, as shown in Figure 2-2. Using the existing fuel inventory (nominal 
34 enrichment 25 percent plutonium), the estimated tritium production rate is 
35 approximately 1. 0 kilogram per year. The current inventory would support 
36 production at this rate for approximately 1-1/2 years. 'At that time, the new 
37 fuel inventory would be available and loaded into the core with a full 
38 complement of tritium targets to establish full design goal production 
39 capability of 1.5 kilograms per year. This full production at goal quantities 
40 of tritium would occur at the beginning of 2004. 
41 
42 
43 4.1.2 Preferred Alternative - Fuel Fabrication 
44 
45 The Preferred Alternative for fuel fabrication would modify the existing 
46 FMEF for production of mixed oxide fuel. 
47 
48 4.1.2.1 Facility Description. A detailed description of the FMEF is provided 
49 in Section 2. 2. 2.1 and Appendix B. It is anticipated that the FMEF would be 
50 modified to accommodate receipt of plutonium and uranium oxide powders for 
51 fabrication into mixed oxide fuel. Such modifications could include 
52 installation of gloveboxes, laboratory tables, and upgrading security systems 
53 (refer to Section 2.2.2.3). 
54 
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4.1.2.2 Site Description. The FMEF is located in the 400 Area of the Hanford 
Site. No external modifications to FMEF , singularly addressing mixed oxide 
fuel fabrication, would be anticipated as a resu l t of implementing the 
preferred alternative. Therefore , the site description provided in Appendix D 
is referenced . 

Some modifications would support security requirements for the proposed 
interim tritium/long- term medical isotope mission for FFTF . The existing 
fence between the FMEF and FFTF would be modified to allow easy, direct access 
between the close-coupled facilities, consistent with associated security 
requirements: e.g., a guard station , remote motion sensors, and other 
applicable security equipment. Construction of a more direct access road 
would be considered between the two facilities to facilitate direct access . 

4.1.2.3 Land Use . Any necessary modif i cations to the FMEF itself would occur 
internally; therefore, there would be no land use impacts associated with the 
Preferred Alternative for fuel fabrication in the FMEF . Any modifications 
required for security (note the aforementioned fence modification and guard 
station) or access would occur in a previously disturbed area . 

Visual Resources. The appearance of a new guard station and modified 
security fencing would be consistent with the existing industrialized 
landscape . No visual impacts would occur . 

Cultural and Paleontological Resources; The 400 Area previously has been 
surveyed, and no archaeological or historic resources were identified (refer 
to Section 4.1 . 1.3). 

Site Infrastructure. Site infrastructure impacts focus 
power requirements, road networks, rail interfaces, and fuel 
The infrastructure currently in place on the Hanford Site is 
handling the proposed activities for the FMEF . 

on electrical 
requirements. 
capable of 

34 4.1.2.4 Resources. It would be expected that use of the FMEF for fuel 
35 fabrication (the Preferred Alternative) would require some additional utility 
36 usage. This is based on the increased activity in the facility for a new 
37 mission, and possible shift work. No resources have been identified that 
38 would require excessive demands, creating any shortages or any other 
39 difficulties . The following provides a brief synopsis of general resources 
40 necessary for the preferred alternative: 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

Electrical Consumption . Power is purchased wholesale from the Bonneville 
Power Administration. The electrical usage for FMEF for fiscal year 1997 was 
approximately 5,000 megawatt hours. Although an increase would be anticipated 
because of a new mission, this increase would represent a small fraction of 
the total energy requirements for the Hanford Site (which in fiscal year 1995 
exceeded 336,000 megawatt hours). Refer to Section 4.1 . 1.4 for additional 
information regarding 400 Area electrical power . 

Water Usage. Groundwater pumped from deep wells located within the 
400 Area is used to meet water requirements for the 400 Area (FMEF and FFTF) . 
As discussed in Section 4.1.1 .4, FMEF activities might result in a slight 
increase in water withdrawals. 
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1 Chemicals. Fuel fabrication activities would require the use of a 
2 variety of chemicals (solids, liquids, and gases). The following is a brief 
3 list of materials that were present, historically, from operations in the 
4 ·308 Building. This list is provided based on 1988 data. The list is not 
5 intended to be all inclusive; the basic process is predominantly a dry 
6 process, projected only to use oxides of plutonium and uranium, binder 
7 materials and small amounts of industrial solvents, The following is provided 
8 as an indicator of materials present in the 308 Building during fuel 
9 fabrication activities: 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

Solids: oxalic acid, sodium carbonate, sulfur hexafluoride, sodium 
hydroxide, potassium permanganate, sodium bisulfate, ammonium 
thiosulfate. 

Liquids: sulfuric acid, nitric acid, ethyl alcohol, acetone, ethylene 
glycol, mineral oil, demineralized water. 

Gases: acetylene, argon, helium, nitrogen, hydrogen, carbon dioxide, 
propane. 

Other chemicals also are present at FMEF. The only chemical currently 
present above the Comprehensive Environmental Response, Compensation, and 
Liability Act reportable quantities is trichlorofluoromethane (approximately 
6,000 pounds). It is expected that fuel fabrication activities would not 
require any additional chemical inventories that would exceed reportable 
quantities. The consumption of any chemicals used for fabrication of mixed 
oxide fuel would not be expected to be a major commitment of resources. The 
volume of chemicals required for fuel fabrication would not impact current 
inventories of materials, as there are sufficient quantities available 
commercially. 

4.1.2.5 Routine Releases. The estimated environmental releases have been 
divided into four categories: 

• Radiological airborne emissions 
• Nonradiological airborne emissions 
• Radiological liquid effluents 
• Nonradiological liquid effluents . 

4.1.2.5.1 Radiological Airborne Emissions. It is anticipated that there 
would be minimal radiological airborne releases as a result of mixed oxide 
fuel fabrication activities in FMEF under the Preferred Alternative (refer to 
Section 2.2.2.4). This is based on the protective features of the facility 
ventjlation system (which was designed to prevent any discharge), nature of 
the materials (e.g., unirradiated, dense mixed oxide powder), and process 
knowledge from previous mixed oxide fuel fabrication activities on the Hanford 
Site (i.e . , 308 Building operations). 

In calendar year 1987 (a representative year for mixed oxide fuel 
fabrication activities in the 308 Building), the reported curie discharge was 
on the order of 10-6 or less (for I-131, Pu-239, and Sr-90 (WHC-SP-0385). 
These releases represent all activities conducted in the 308 Building, which 
were not limited to mixed oxide fuel fabrication. 
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1 4.1.2.5.2 Nonradiological Airborne Emissions. The modifications 
2 discussed in Section 2.2.2.3 occur within the facility and do not represent 
3 major construction . Building ventilation systems would be operational during 
4 construction, minimizing releases of fugitive dust and particulates. Routine 
5 operations could result in releases of small quantities of process solvent 
6 vapors, and other materials typically found in industria) emissions . 
7 
8 4.1.2.5.3 Radiological Liquid Effluents. At FMEF , there are no 
9 radioactive liquid effluent pathways to the environment. All radiological 

10 liquids would be collected and disposed of as low-level waste as discussed in 
11 Section 4.1 . 2.9.1 . 
12 
13 4.1.2.5.4 Nonradiological Liquid Effluents. Small quantities of liquid 
14 waste would be generated because of mixed oxide fuel fabrication activities 
15 (based on previous activities in the 308 Building, where FFTF mixed oxide fuel 
16 was fabricated in the past). Small amounts of liquids used in binder addition 
17 and cleaning operations generally would evaporate into the exhaust system. 
18 Process waste water including furnace jacket cool i ng, heat exchanger systems, 
19 and cooling towers would be discharged to the 400 Area percolation ponds 
20 (refer to Section 4.1.1.5 .4). The sanitary wastewater would continue to be 
21 discharged to the Washington Public Power Supply System treatment system 
22 (refer to Section 4. 1. 1.5.4). Other liquid waste (such as spent vacuum pump 
23 oils) would be collected and appropriately managed as dangerous waste at the 
24 Hanford Site . 
25 
26 4.1.2.6 Routine Operations: Worker and Public Exposure. Section 4.1 . 2.5 
27 describes the routine radiological and hazardous chemical releases and their 
28 associated impacts resulting from normal operations . The resulting doses and 
29 potential health effects on the public and personnel at FMEF are described in 
30 the following. The impacts would be within applicable regulatory limits. 
31 
32 Radiological Impact~. Routine operations in the FMEF would include the 
33 storage of nuclear material and the fabrication of driver fuel, pins, and 
34 assemblies. The nuclear material includes oxides of plutonium and uranium. 
35 Appropriate measures, including proper procedures and training, redundant 
36 control systems, and redundant safety and ventilation systems would ensure 
37 that personnel exposure during routine handling of nuclear material is well 
38 below DOE guidelines of 5 rem per year (DOE Order 5480 . lt). 
39 
40 Airborne emissions from the FMEF would be minimal and within the National 
41 Emissions Standards for Hazardous Air Pollutants requirements (maximum 
42 0.01 rem per year, effective dose equivalent offsite). As stated earlier, in 
43 Section 4.1.2.5.1, historical 308 Building releases indicate that the release 
44 of plutonium/uranium would be minimal. The annual throughput of nuclear 
45 material in the FMEF is estimated to be no greater than approximately 
46 4,400 pounds of mixed oxide. The projected annual maximum whole body 
47 effective dose equivalent and limiting organ doses (i .e., bone surface) to the 
48 onsite and offsite individual from routine FMEF operations (particulate and 
49 radon releases, 50-year doses estimated for annual ground level mixed oxide 
50 releases due to projected routine FMEF operations) are shown in Table 4-12 . 
51 Note that the estimated routine FMEF operational doses are several orders of 
52 magnitude below the natural background radiation level (about 0.3 rem per year 
53 from all sources). The projected doses were conservatively estimated by 
54 assuming individual workers receive the maximum dose limits (HSRCM-1). 
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1 Nonradiological Impacts. It is expected that routine operations would 1 

2 not result in exposure of toxic or noxious vapors to personnel or members of 
3 the general public. Toxicological exposure to hazardous materials routinely 
4 used during fabrication and handling of mixed oxide fuel and maintenance 
5 activities would be minimized by the use of required protective clothing and 
6 administrative controls. 
7 
8 Statistical information regarding nonradiological impacts associated with 
9 operations on the Hanford Site is dis~ussed in Section 4.1.1.6. 

10 
11 4.1.2.7 Radiological and Hazardous Chemical Impacts During Postulated 
12 Accidents. Several accident scenarios were considered to support the proposed 
13 FMEF fuel fabrication activities (Appendix E.2). Only a prescribed 
14 criticality and an explosion of mixed oxide powder during glovebox operations 
15 were found to provide potential radiological dose consequences. Potential 
16 chemical toxicological impacts are bounded by radiological consequences. 
17 
18 Criticality Event (estimated probability of occurrence per year 1.0 E-4 
19 to 1.0 E-6)--A criticality accident, which would predominantly affect onsite 
20 individuals, is precluded by design and administrative controls. Conservative 
21 calculations regarding a criticality were developed for safety analysis 
22 purposes. The analysis for the Fuel Assembly Area indicated that since no 
23 scenario was developed for this accident, a bounding criticality would be 
24 assumed. It was concluded that the criticality in the Fuel Assembly Area 
25 would be unlikely to exceed this magnitude. A postulated criticality in the 
26 FMEF during mixed oxide fuel fabrication activities would depend on the 
27 magnitude of the criticality and integrated energy released, which in turn 
28 depends on the number of fissions that occur during the criticality. 
29 Projected .dose consequences from a criticality incident in the FMEF are shown 
30 in Tables 4-13 and 4-14. The onsite and offsite doses are well below the risk 
31 guidelines for extremely unlikely events (HNF-PR0-514). 
32 
33 Glovebox Explosion Event (estimated probability of occurrence per year: 
34 1.0 E-4 to 1.0 E-6)--FMEF mixed oxide powder operations would take place in 
35 gloveboxes that exhaust through a total of three testable high-efficiency 
36 particulate air filters before reaching the environment. The release of mixed 
37 oxide from FMEF, as a result of an explosion, was postulated to occur in a 
38 glovebox (due to loss of inert atmosphere with solvent present) containing 
39 exposed mixed oxide powder. The glovebox was assumed to be grossly breached 
40 and the room filled with respirable powder. The first testable 
41 high-efficiency particulate air filter was assumed to fail so that the 
42 material passed through only two stages of high-efficiency particulate air 
43 · filters before being released to the environment. The release was 
44 conservatively assumed to be of short duration and at ground level. The 
45 resulting calculated doses are shown in Tables 4-15 and 4-16. Doses are well 
46 below the onsite and offsite risk guidelines for unlikely events 
47 (HNF-PR0-514). 
48 
49 4.1.2.8 Labor. It is expected that the existing Hanford Site workforce would 
50 provide necessary facility modifications to FMEF to support a mixed oxide fuel 
51 fabrication mission. Approximately 280 full-time FMEF employees would be 
52 required for operation of the facility, which includes the fuel fabrication 
53 line and the target fabrication line. 
54 
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1 4.1.2.9 Waste Generation. The proposed fuel fabrication mission at FMEF 
2 would be similar to historical Hanford Site activities, when FFTF mixed oxide 
3 fuel was fabricated in the 308 Building. The proposed fuel fabrication 
4 mission at FMEF would represent an approximate four-fold increase in the level 
5 of activities and resultant waste streams . The quantities discussed in the 
6 following sections provide a conservative estimate based on the projected 
7 throughput at FMEF. 
8 
9 4.1.2.9.l Liquids. Small amounts of waste solutions containing residual 

10 plutonium and uranium oxides would be generated as a result of the preferred 
11 alternative. This material would be associated with routine chemical 
12 laboratory-like activities during fuel fabrication and cleaning operations . 
13 Examples (based on similar operations in the 308 Building that occurred in the 
14 past) are provided in Table 4-15. It is anticipated that a very small 
15 quantity (less than 50 gallons) would be generated in any calendar year. Any 
16 low-level waste would be collected at FMEF and transported to existing 
17 treatment, storage, and disposal facilities in the 200 Areas . 
18 
19 Historical 308 Building materials data indicate spent solvents and 
20 various other liquid waste types routinely might be generated. It would be 
21 expected that only minimal quantities of dangerous liquid effluents would be 
22 generated from routine FMEF operations for a dry, fuel fabrication operation. 
23 Any dangerous waste would be transported to an ex i sting permitted treatment, 
24 storage, and/or disposal facility in accordance with applicable regulations. 
25 Disposal of these waste types is not expected to result in any detrimental 
26 health or environmental impacts to either onsite personnel or to an offsite 
27 individual . 
28 
29 Process and sanitary wastewater would be managed along with similar 
30 discharges from FFTF (refer to Section 4. 1.1 .9. 1) . 
31 
32 4.1.2.9.2 Solids. In addition to the routine industrial waste resulting 
33 from supporting continued office operations , _it is expected that some 
34 low-level, transuranic, ~nd dangerous solid waste would be generated as a 
35 result of mixed oxide fuel fabrication activities. Based on historic 
36 308 Building operations, it is expected that approximately 12 cubic meters of 
37 solid transuranic waste, 20 cubic meters of solid low_-level waste, and no more 
38 than 15 55-gallon drums of dangerous solid waste (i.e., rags, clothing , 
39 filters) likely would be generated in a calendar year . 
40 
41 This waste would be transported to the 200 Areas for additional 
42 treatment, storage, and/or disposal, consistent with existing Hanford Site 
43 waste management operations. As discussed in Section 4.1.1 .9.2 , the nature 
44 and volume of the solid waste from FMEF operations would be small when 
45 compared to annual average quantities of waste similarly handled on the 
46 Hanford Site. For examfle, in calendar year 1995, 15,070 cubic meters 
47 . (approximately 3.7 x 10 ·total curies) of radioact i ve solid waste was received 
48 at the Central Waste Complex for disposal (Summary of Radioactive Solid Waste 
49 Received in the 200 Areas During Calendar Year 1995, WHC-EP-0215-8) . 
50 
51 4.1.2.10 Costs. The cost for startup of the FMEF, which includes 
52 installation of a mixed oxide fuel fabrication line and a tritium target 
53 fabrication line, is estimated to be $145 million (fiscal year 1996 dollars) . 
54 The fabrication cost associated with medical_ isotopes, exclusive of target 
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1 material procurement as discussed in Section 4.1.4.10, is quite small and is 
2 embedded in the startup cost. Annual operating costs are projected to be 
3 approximately $33 million (fiscal year 1996 dollars). 
4 
5 4.1.2.11 Schedule. The projected schedule for the FMEF mixed oxide fuel 
6 fabrication line installation and operation is shown in Figure 2-2. It is 
7 estimated that installation and check-out of the fuel fabrication line would 
8 take approximately 4 years. Sufficient fuel could be fabricated in about 
9 1 year to support the initiation of tritium production at goal quantities. 

10 
11 
12 4.1.3 Preferred Alternative - Tritium Target Fabrication 
13 
14 The Preferred Alternative for tritium target fabrication involves 
15 modification of the existing FMEF to accommodate tritium target fabrication. 
16 
17 4.1.3.l Facility Description. The Preferred Alternative for tritium target 
18 fabrication would require modifications to the existing FMEF, as necessary. 
19 A detailed description of the existing FMEF is provided in Section 2.2.2.1 . 
20 
21 4.1.3.2 Site Description. The site description related to the Preferred 
22 Alternative for tritium target fabrication is the same as discussed in 
23 Section 4.1 . 2. 2. 
24 
25 4.1.3.3 Land Use. No modifications external to FMEF, in addition to those 
26 discussed in Section 4.1.2.3, would be necessary to support the Preferred 

. 27 Alternative. Therefore, there would be no additional land use requirements. 
28 
29 4.1.3.4 Resources. The resource usage for FMEF required for mixed oxide fuel 
30 fabrication activities (Section 4.1.2.4) is expected to be sufficiently 
31 conservative to include any resources required for tritium target fabrication. 
32 Chemical requirements would be similar to those discussed in Section 4.1.2.4. 
33 
34 4.1.3.5 Routine Releases. The estimated environmental releases have been 
35 divided into four categories: 
36 
37 • Radiological airborne emissions 
38 • Nonradiological airborne emissions 
39 • Radiological liquid effluents 
40 • Nonradiological liquid effluents. 
41 
42 4.1.3.5.1 Radiological Airborne Emissions. There would be no 
43 radiological airborne emissions from FMEF as a result of the Preferred 
44 Alternative for tritium target fabrication. 
45 
46 4.1.3.5.2 Nonradiological Airborne Emissions. It is assumed that some 
47 releases of solvents and minimal amounts of lithium aluminate particulate 
48 might occur . The existing ventilation system would minimize such 
49 nonradiological airborne releases. 
50 
51 4.1.3.5.3 Radiological Liquid Effluents. There would be no radiological 
52 liqu id effluents from FMEF associated with the Preferred Alternative for 
53 trit i um target fabrication . 
54 
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1 4.1.3.5.4 Nonradiological Liquid Effluents. Sanitary wastewater would 
2 continue to be generated from FMEF under the Preferred Alternative for tritium 
3 target production. Some process wastewater also might be generated . 
4 Additionally, small quantities of routine fabrication process liquids (such as 
5 spent solvents) could be generated. These mater i als would be reused, 
6 recycled, or disposed of as appropriate. 
7 
8 4.1.3.6 Routine Operations: Worker and Public Exposure. Section 4.1.1.5 
9 discusses the radiological and hazardous chemical releases and their 

10 associated impacts resulting from routine operation of the FFTF . The 
11 resulting doses and potential health effects on the public and personnel at 
12 FMEF resulting from tritium target fabrication operations are described in the 
13 following. The impacts would be within applicable regulatory limits. 
14 
15 Radiological Impacts. There would be no radiological materials 
16 associated with tritium target fabrication activities. 
17 
18 Nonradiological Impacts. It is expected that routine operations would 
19 not result in exposure of toxic or noxious vapors to workers or members of the 
20 general public. Toxicological exposure to hazardous materials routinely used 
21 during maintenance activities and fabrication/handling of lithium aluminate 
22 targets for tritium production would be expected to be minimized by the use of 
23 required protective clothing and administrative controls. 
24 
25 Statistical information regarding nonradiological impacts associated with 
26 operations on the Hanford Site are discussed in Section 4.1.1.6. 
27 
28 4.1.3.7 Radiological and Hazardous Chemical Impacts During Postulated 
29 Accidents. Postulated accidents in FMEF under the Preferred Alternative would 
30 be similar to those encountered in an industrial setting in the private 
31 sector. Common hazards include electrical shock, tripping, and vehicular 
32 traffic. An accident involving lithium aluminate, or hazardous chemicals, 
33 would be expected to be typical of a laboratory setting. Potential impacts, 
34 such as chemical burns, would be mitigated by appropriate protection equipment 
35 and procedures. Personnel safety awareness programs, which mitigate potential 
36 impacts associated with such accidents, are implemented on the Hanford Site. 
37 
38 4.1.3.8 Labor. It is expected that the existing Hanford · Site workforce would 
39 provide necessary facility modifications to FMEF to support a tritium target 
40 fabrication mission. Approximately 280 ftill-time FMEF personnel would be 
41 required for operation of the facility, which includes the target fabrication 
42 line and the fuel fabrication line. 
43 
44 4.1.3.9 Waste Generation. The proposed tritium target fabrication activities 
45 at FMEF would result in the generation of some additional liquid and solid 
46 wastes as described in the following . 
47 
48 4.1.3.9.1 Liquids. Sanitary liquid waste would continue to be generated 
49 as a result of the Preferred Alternative. Process wastewater might be 
50 generated as well. Some additional liquid waste, in the form of process 
51 chemicals, would be generated. These materials, not expected to exceed 
52 50 gallons in any calendar year, would be packaged and transported to existing 
53 treatment, storage, and/or disposal facilities on the Hanford Site . · 
54 
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1 4.1.3.9.2 Solids. In addition to routine industrial waste resulting 
2 from supporting continued office and nonradiological equipment testing 
3 operations, it is expected that some solid waste would be generated from 
4 tritium target fabrication. No more than 15 55-gallon drums of solid waste 
5 (i.e., rags, clothing, filters) would likely be generated in a calendar year. 
6 These materials would be packaged and transported to existing treatment, 
7 storage, and/or disposal facilities on the Hanford Site. 
8 
9 4.1.3.10 Costs. The cost for startup of the FMEF, which includes 

10 installation of a tritium target fabrication line and a fuel fabrication line 
11 is estimated to be $145 million (fiscal year 1996 dollars). The fabrication 
12 cost associated with medical isotopes, exclusive of target material 
13 procurement as discussed in Section 4.1.4 . 10, is quite small and is embedded 
14 in the startup cost. Annual operating costs are projected to be approximately 
15 $33 million (fiscal year 1996 dollars). 
16 
17 4.1.3.11 Schedule. The projected schedule for modifications and operation is 
18 shown in Figure 2-2. It is expected that approximately 2. 5 years would be 
19 required to design and install the tritium target fabrication line in FMEF. 
20 Once operational, sufficient targets could be fabricated in approximately 
21 1 year to support the FFTF restart initial power cycle . 
22 
23 
24 4.1.4 Preferred Alternative - Medical Isotope Target Fabrication 
25 
26 The production of medical isotopes involves fabricating specially 
27 designed targets for irradiation in the FFTF. Fabrication activities would 
28 occur in the 325 Building, 306-E Building and the FMEF (refer to 
29 Section 2.2 .4). 
30 
31 4.1.4.1 Facility Description. Medical isotopes would be fabricated in the 
32 306-E Building, 325 Building, and FMEF. A discussion of medical isotope 
33 target fabrication is presented in Section 2.2.4 . Brief descriptions of the 
34 306-E Building, 325 Building, and FMEF are presented in Sections 2.2.4, 2.2.7, 
35 and 2.2.2, respectively. More detailed descriptions are presented in 
36 Appendix B. 
37 
38 4.1.4.2 Site Description. The 306-E and 325 Buildings are located in the 
39 300 Area of the Hanford Site and the FMEF is located in the 400 Area. A 
40 description of the Hanford Site is provided in Appendix D. No external 
41 modifications to the 306-E Building, 325 Building, or FMEF would be 
42 anticipated as a result of the preferred alternative. 
43 
44 4.1.4.3 Land Use. Medical isotope target fabrication would not require the 
45 construction of any new facilities and would not result in any change from 
46 current land use . 
47 
48 Visual Resources. There would be no visual impacts because all facility 
49 modifications would be internal to buildings involved in medical isotope 
50 target fabrication; there would not be any alteration to the outward 
51 appearance of any building. 
52 
53 Cultural and Paleontological Resources. Activities associated with 
54 medical isotope target fabrication would not involve any ground disturbance on 
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1 the Hanford Site. As a result, there would not be any adverse impact on 
2 cultural and paleontological resources from medical isotope target 
3 fabrication. 
4 
5 Site Infrastructure. Site infrastructure impacts focus on electrical 
6 power requirements, road networks, rail interfaces, and fuel requirements. 
7 The proposed medical isotope target fabrication activities are similar to 
8 those that were conducted routinely on the Hanford Site during past medical 
9 isotope projects. The infrastructure currently in place on the Hanford Site 

10 easily is capable of handling proposed medical isotope target fabrication 
11 activities. No changes in Hanford Site's infrastructure would be required . 
12 
13 4.1.4.4 Resources. No resources have been ident i fied that would require 
14 excessive demands, creating any shortages or any other difficulties . The 
15 following provides a brief synopsis of general resources necessary for the 
16 preferred alternative: 
17 
18 Electrical Consumption. The consumption of electrical power to support 
19 medical isotope target fabrication would not be substantial . In particular, 
20 power consumption at FMEF would be negligible compared to the power 
21 requirements associated with operating the FFTF. Changes in power consumption 
22 at the 306-E and 325 Buildings would be minimal. 
23 
24 Water Usage. Groundwater pumped from deep wells located within the 
25 400 Area is used to meet water requirements for the FMEF (refer to 
26 Section 4.1.1 .4) . Water for the 306-E and 325 Buildings comes from the 
27 municipal water supply and is distributed to the building from the 300 Area 
28 water grid. Medical isotope target fabrication would not involve the use of 
29 substantial amounts of water. 
30 
31 4.1.4.5 Routine Releases. The estimated environmental releases have been 
32 divided into four categories: 
33 
34 • Radiological airborne emissions 
35 • Nonradiological airborne emissions 
36 • Radiological liquid effluents 
37 • Nonradiological liquid effluents . 
38 
39 4.1.4.5.1 Radiological Airborne Emissions. The only target material 
40 that is radioactive before irradiation in the FFTF is radium-226. Radioactive 
41 radon gas is created from the decay of radium-226 . There is potential for 
42 radiological airborne emissions from both radium-226 powder and radon during 
43 fabrication activities. Target fabrication activities using radium-226 would 
44 be conducted exclusively in the 325 Building using the radon holdup system to 
45 limit and control radiological emissions. The amount of radium-226 to be 
46 stored in the 325 Building and the amount fabricated i nto medical isotope 
47 targets has not been determined at this time. Radiological emissions from 
48 radium-226 storage and target fabrication would be severely limited and should 
49 not cause any appreciable increase in total personnel or public exposure above 
50 what would exist under the No Action Alternative. Target material retrieved 
51 from isotope processing operations may be recycled for use in making new 
52 targets. Recycling operations and target fabrication would be conducted in 
53 the 325 Buildi~g using high-efficiency particulate air filtration systems to 
54 virtually eliminate radiological emissions (recycled materials would be in 
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1 solid form during fabrication). No radiological airborne emissions from the 
2 306-E Building and FMEF would occur as a result of medical isotope fabrication 
3 activities. 
4 
5 4.1.4.5.2 Nonradiological Airborne Emissions. Most of the materials 
6 used to fabricate medical isotope targets would be in loqse powder form. The 
7 target materials are extremely expensive (refer to Table 4-16) and great care 
8 would be taken to recycle all materials and prevent the loss of material 
9 through the ventilation system. Because fabrication operations would be 

10 conducted in fume hoods or gloveboxes to prevent the contamination of target 
11 material, exhaust air from the fabrication work area would pass through one or 
12 more filtration systems before being emitted to the atmosphere. As a result 
13 of the small mass of materials involved in target fabrication, procedures 
14 taken to prevent the loss of the target material, and the efficient filtration 
15 of exhaust, the emission of target material would be negligible. Only small 
16 quantities of solvents and other chemicals would be used in target fabrication 
17 activities. Negligible quantities of these chemicals would be released to the 
18 atmosphere from building exhaust systems . 
19 
20 4.1.4.5.3 Radiological Liquid Effluents. There would be no radiological 
21 liquid effluent pathways to the environment from either FMEF, 306-E Building 
22 or the 325 Building. 
23 
24 4.1.4.5.4 Nonradiological Liquid Effluents. The only nonradiological 
25 liquid effluents to the environment are those associated with sanitary and 
26 process wastewater discharges (refer to Appendix B). 
27 
28 4.1.4.6 Routine Operations: Worker and Public Exposure. Section 4.1.4.5 
29 describes the radiological and hazardous chemical releases and their 
30 associated impacts resulting from routine medical isotope fabrication 
31 activities at the 306-E and 325 Buildings and FMEF. The resulting doses and 
32 potential health effects on the public and personnel at the 306-E and 
33 325 Buildings and FMEF are described in the following. The impacts would be 
34 within applicable regulatory limits . 
35 
36 Radiological Impacts. At the 325 Building, personnel exposure to 
37 radiological target materials (including radium-226 and radon gas) would be 
38 controlled by shielding, filtration, and ventilation systems. Individual 
39 worker exposures would be maintained well under administrative control limits 
40 of 0.5 rem per year (HSRCM-1). Public exposure as a result of fabrication 
41 operation would be negligible. 
42 
43 Nonradiological Impacts. It is expected that routine operations would 
44 not result in exposure of toxic or noxious vapors to workers or members of the 
45 general public. Toxicological exposure to hazardous materials routinely used 
46 during maintenance and fabrication/handling activities would be expected to be 
47 minimized by the use of required protective clothing and administrative 
48 controls . 
49 
50 Statistical information regarding nonradiological impacts associated with 
51 operations on the Hanford Site are discussed in Section 4. 1. 1.6. 
52 
53 4.1.4.7 Radiological and Hazardous Chemical Impacts During Postulated 
54 Accidents. Postulated accidents during medical isotope target fabrication 
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1 would be similar to those encountered in an industrial setting in the private 
2 sector. Common hazards include electrical shock, tripping, chemical 
3 exposures, and vehicular traffic. Potential impacts, such as chemical burns, 
4 would be mitigated by appropriate protection equipment and procedures. 
5 Personnel safety awareness programs, which mitigate potential impacts 
6 associated with such accidents, are implemented on the Hanford Site. 
7 
8 Radiological risks would be associated with the handling of radium-226 
9 and recycled target materials. Standard radiation safety programs and the 

10 performance of the radon holding system would limit routine exposures. Any 
11 accident involving this material would be bounded by the accident analysis for 
12 processing accidents outlined in Section 4.1.7.7. 
13 
14 4.1.4.8 Labor. A preliminary estimate is that about six full-time staff 
15 would be needed to manufacture the medical isotope targets. It is expected 
16 that the existing Hanford Site workforce would be used to meet the staffing 
17 needs for target fabrication. 
18 
19 4.1.4.9 Waste Generation. The proposed medical isotope target fabrication 
20 activities would result in the generation of some additional liquid and solid 
21 wastes as described in the following. 
22 
23 4.1.4.9.1 Liquids. Liquid waste is not anticipated to be produced in 
24 substantial quantities by medical isotope target fabrication.Any radiological 
25 liquid waste would be created in the process of cleaning the glovebox and/or 
26 equipment after fabrication of the radium-226 and recycled targets. 
27 
28 Nonradiological liquid waste would be associated with the cleaning of 
29 equipment associated with nonradiological target materials. The quantity of 
30 nonradiological liquid waste would depend on the number and types of targets 
31 created. It is projected that the nonradiological liquid waste stream from 
32 medical isotope target fabrication would be negligible compared to the liquid 
33 waste streams associated with other 325 Building or FMEF mission activities. 
34 
35 4.1.4.9.2 Solids. Solid waste could be generated from failed targets 
36 (i.e., poor welds, manufacturing defects, etc.). Because the target material 
37 is extremely expensive, only trace quantities of target material would be 
38 discarded as waste. In addition, some metallic waste might be generated as a 

· 39 result of the capsule fabrication process. 
40 
41 4.1.4.10 Costs. The primary cost of target fabrication would be the 
42 procurement of target material. Because of the enrichment process, many 
43 target materials are extremely expensive. The Table 4-16 lists the target 
44 materials needed for production of most of the key isotopes and the 
45 approximate cost per gram of target. The quantities of target materials 
46 needed is not precisely known at this time. The amounts procured would pe 
47 related to material availability, cost, and market demand. · As can be seen in 
48 Table 4-16, many target materials are exceedingly expensive and could only be 
49 procured in small quantities. Annual costs for target materials are expected 
50 to range from $10 to $15 million depending on the number, types, and quantity 
51 of products to be produced. These costs could be recouped in the sale of the 
52 medical isotope products. 
53 
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1 Fabrication of the capsules to be used in the rapid retrieval system 
2 could be done either onsite or by an offsite vendor . Costs of manufacturing 
3 the capsules would be less than $100,000 per year, depending on the number and 
4 quantity of isotopes to be generated. Costs for the onsite fabrication of 
5 pins for the long-term targets would be comparable. 
6 
7 If pressed and sintered targets are desired, both a press and sintering 
8 furnace would be purchased. Separate press die and furnace boats would be 
9 required for each type of target powder to prevent cross-contamination . The 

10 one-t ime cost for equipment, associated installation activities, and required 
11 modif ications to the fabrication work area would be on the order of 
12 $10 mi llion to accommodate a full set of medical isotope targets (a reduced 
13 number of isotopes would have lower startup costs). 
14 
15 The labor cost for the fabrication of targets to supply the full 
16 operat ion of one long-term irradiation assembly and two rapid retrieval 
17 systems in the reactor would be on the order of $2 million dollars per year. 
18 The cost for developing, testing, and installing the rapid retrieval system, 
19 including two functional assemblies, is estimated to be between $15 and 
20 $20 million . · 
21 
22 4.1.4.11 Schedule . The schedule for target fabrication is closely linked to 
23 the restart of FFTF (refer to Chapter 2.0, Figure 2-2) . When the FFTF is 
24 restarted, the medical isotope targets would be ready for insertion into the 
25 first cycle. The number and type of isotopes produced would be linked to 
26 market demand and supply at that time. 
27 
28 
29 4.1.5 Preferred Alternative - Spent Fuel Management 
30 
31 Operation of FFTF would generate up to 60 spent fuel assemblies annually. 
32 Assuming a 30 year mission, approximately 60 metric tons heavy metal of spent 
33 nuclear fuel would be added to the DOE inventory. For perspective, this 
34 corresponds to approximately 3 weight percent of the total spent nuclear fuel 
35 inventory currently stored at the Hanford Site. 
36 
37 4.1.5.1 Facility Description. Section 2.2 . l provides a description of the 
38 FFTF and the major systems/equipment required to support the proposed mission 
39 of interim tritium and long-term medical isotope production. 
40 
41 4.1.5.2 Site Description. The site description is the same as provided in 
42 Appendix D. 
43 
44 4.1.5.3 Land Use. Additional storage capacity for the interim storage casks 
45 would consist of additional arrays of casks located on an outdoor concrete 
46 storage pad in a suitable interim storage area located on the Hanford Site . 
47 Approximately 144 square feet of storage pad space currently is used for each 
48 interim storage cask at the 400 Area interim storage area . Therefore, 
49 43,200 square feet of concrete pad space plus minimal pad space to accommodate 
50 crane and tractor/trailer access would be needed for the additional 
51 300 interim storage casks (number generated during 30-year life cycle) . 
52 Extension of the concrete pad within the existing 400 Area interim storage 
53 area would accommodate storage of approximately 210 additional interim storage 
54 casks for a total area capacity of 259 interim storage casks. Additional 
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1 fenced area and pad space could be installed, if necessary, adjacent to the 
2 interim storage area to accommodate the remainder . These areas are highly 
3 disturbed by previous construction . No undeveloped land would be disturbed by 
4 the proposed activities . 
5 
6 The current Hanford Site planning basis for the existing FFTF spent fuel 
7 calls for short-term pre-interim storage in interim storage casks at the 
8 400 Area interim storage area with planned future relocation of the interim 
9 storage casks to the 200 East Area Canister Storage Building Complex interim 

10 storage area for consolidation with other spent fuel for long-term interim 
11 storage . This planning basis could be expanded to include the FFTF spent fuel 
12 inventory associated with the proposed activity. In this event, the 400 Area 
13 interim storage area expansion would not be necessary, but could be used as 
14 short-term staging area, if necessary , before interim storage cask transfer to 
15 the 200 Areas interim storage area for consolidation . Further details 
16 regarding the 200 Areas interim storage area planning basis are in the 
17 Environmental Assessment : Management of Non-Defense Production Reactor Spent 
18 Nuclear Fuel, Hanford Site, Richland , Washington (DOE/EA-1185) . The land 
19 adjacent to the 200 East Area Canister Storage Building has been previously 
20 disturbed. No undeveloped land would be disturbed by this activity. 
21 
22 Visual Resources. The appearance of new structures would be consistent 
23 with the existing industrialized landscape character, and the current Visual 
24 Resource Management Class 5 designation of the 400 and 200 East Areas . 
25 Because of the existing industrial character of these areas and the distance 
26 to any sensitive viewpoints, no visual impacts would occur. 
27 
28 Cultural and Paleontological Resources. The 400 and 200 East Areas 
29 previously have been surveyed, and no archaeological or historic resources 
30 were identified . Consequently, any land-disturbing activity associated with 
31 expansion or installation of additional concrete pad storage should not affect 
32 cultural resources. However, before any construction activities, appropriate 
33 cultural and paleontological reviews would be conducted. Similarly , 
34 surveillance and maintenance of the storage areas does not involve increased 
35 activity or ground disturbance, so it would not resul t in an adverse impact. 
36 
37 Site Infrastructure. The infraitructure currently in place is capable of 
38 handling the proposed activities. 
39 
40 4.1.5.4 Resources . Estimates of resource usage addressed in Section 4. 1. 1.4 
41 include projected resources needed to support the offload of spent fuel to dry 
42 storage. An addit ional 300 interim storage casks and core component 
43 containers would need to be procured from an offsite ~upplier . 
44 
45 4.1.5.5 Routine Releases. The estimated environmental releases have been 
46 divided into four categories: 
47 
48 • Radiological airborne emissions . 
49 • Nonradiological airborne emissions . 
50 • Radiological liquid effluents . 
51 • Nonradiological liquid effluents . 
52 
53 4.1.5.5.1 Radiological Airborne Emissions. The spent fuel would be 
54 washed in the IEM Cell sodium removal system before being loaded into a core 
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1 component container/interim storage cask. The IEM Cell sodium removal system 
2 vents through the existing contaminated gas processing equipment before being 
3 released to the environment. The continued use of the system to support spent 
4 fuel and target washing would result in the same level of emissions as those 
5 that have occurred during past FFTF operations (refer to Section 4.1.1.5.1). 
6 
7 4.1.5.5.2 Nonradiological Airborne Emissions. No emissions are expected 
8 of nonradioactive pollutants that are regulated under other provisions of the 
9 Clean Afr Act. 

10 
11 4.1.5.5.3 Radiological Liquid Effluents. At the FFTF, there are no 
12 radioactive liquid effluent pathways to the environment. Spent fuel 
13 activities do not generate substantial liquid effluents. All radiological 
14 liquids are collected and disposed of as low-level waste as discussed in 
15 Section 4. 1. 1.9. 1. 
16 
17 4.1.5.5.4 Nonradiological Liquid Effluents. The only liquid effluents 
18 from the FFTF complex consist of sanitary and process water discharges, which 
19 are di scussed in Section 4.1.1.5.4. There are no contributions to these 
20 discharges from spent fuel management activities. 
21 
22 4.1.5.6 Routine Operations: Worker and Public Exposure. Section 4.1.1.5 
23 describes the radiological and hazardous chemical releases and their 
24 associated impacts resulting from routine operation of the FFTF. The 
25 resulting doses and potential health effects on the public and personnel at 
26 FFTF are described in the following. The impacts would be within applicable 
27 regulatory 1 imi ts . 
28 
29 Radiological Impacts. The interim storage cask is designed to protect 
30 the public, environment, and operating personnel from exposure during handling 
31 and storage in compliance with DOE and DOE-contractor guidelines. The interim 
32 storage cask provides sufficient shielding to limit the surface dose rate (at 
33 contact) to 2 millirem per hour. The interim storage area design limits the 
34 radiation exposure at the fence to no more than 0.05 millirem per hour. Once 
35 the cask is loaded, sealed, and transferred to the interim storage area, 
36 minimal surveillance and maintenance would be required. The impacts of 
37 routine fuel offload activities were addressed in DOE 1995 (shutdown 
38 environmental assessment). Personnel exposures for the management of spent 
39 mixed oxide fuel would be comparable to those experienced during previous FFTF 
40 spent fuel operations. Figure 4-2 provides personnel exposures for all FFTF 
41 operations, which as of 1995 includes spent fuel management . There would be 
42 no exposure to the public. 
43 
44 Nonradiological Impacts. It is anticipated that routine operations would 
45 not result in exposure of toxic or noxious vapors to personnel or members of 
46 the general public. Toxicological exposure to hazardous materials routinely 
47 used during maintenance activities _(e.g., solvents, welding materials) would 
48 be expected to be minimized by the use of required protective clothing and 
49 administrative controls. 
50 
51 Statistical information regarding nonradiological impacts associated with 
52 operations on the Hanford Site are discussed in Section 4.1.1.6. 
53 
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1 4.1.5.7 Radiological and Hazardous Chemical Impacts During Postulated 
2 Accidents. Accidents associated with irradiated fuel offload were analyzed in 
3 the shutdown environmental assessment (DOE/EA-0993 and Appendix E). These 
4 events include the following: 
5 
6 Event During Fuel Washing--An IEM Cell accident is postulated to involve 
7 a fuel assembly or pin container that retains a much larger than normal amount 
8 of residual metallic sodium (e.g., 4 pounds) and that the 200°F rinse water is 
9 transferred to the wash vessel before the normal, controlled reaction with 

10 moist argon has occurred. This is a conservative assumption, as operating 
11 experience and analysis of water samples taken following the process cycles 
12 have shown that sodium quantities average in the range of 200 to 500 grams 
13 (0.4 to 0.9 pound) . During the water fill, a gas bubble is assumed to form 
14 around the mass of sodium, isolating the sodium from contact with the water. 
15 When the system fill is complete, the system circulating pump is turned on , 
16 the gas bubble collapses, and water floods the sodium in the fuel assembly 
17 resulting in an immediate, vigorous sodium and water reaction. The system 
18 pressure rises rapidly as a result of the chemical reaction and heating of the 
19 water, generation of hydrogen gas, and flashing of some of the water to steam . 
20 Pressure is vented to surge and drain tanks through a relief valve . Analysis 
21 of this event indicates that sufficient system volume exists to minimize the 
22 pressure pulse without exceeding the allowable design pressures of the sodium 
23 removal system. The system is filled with argon, so gases emitted from the 
24 sodium-water reaction would not reach flammable concentrations. 
25 
26 Events During Cask Loading and Transfer--Several accidents associated 
27 with transfers, cask loading, and cask transfers were -analyzed (Appendix E). 
28 These accidents and the associated dose impacts are discussed in 
29 Section 4.1 . 1.7 . 2. 
30 
31 4.1.5.8 Labor. It is expected that the existing Hanford Site workforce would 
32 provide the necessary staffing to support offload and continued surveillance 
33 and maintenance of the interim fuel storage areas at the 400 and 200 East 
34 Areas. 
35 
36 4.1.5.9 Waste Generation. The proposed spent fuel offl~ad activities would 
37 result in the generation of some additional liquid and solid wastes . 
38 
39 4.1.5.9.1 Liquids. As discussed in Section 4. 1. 1.9.1, minor amounts of 
40 low-level liquid wash water would be generated. 
41 
42 4.1.5.9.2 Solids. As discussed in Section 4.1.1.9 . 2, solid l9w-level 
43 waste would be generated (i .e., 55 cubic yards per year). Included in this 
44 volume are spent resin beds used to remove sodium and other contaminants from 
45 the wash water. 
46 
47 4.1.5.10 Costs. A total of 300 interim storage casks would be required -for 
48 dry storage of the projected spent fuel inventory. Because the interim 
49 storage cask/core component container hardware and concrete pad construction 
50 costs are approximately $270,000 per unit, the total FFTF spent fuel storage 
51 cost is projected to be $81 million over the lifetime of the project . Based 
52 on these costs, it is anticipated that other spent fuel storage options could 
53 be evaluated further to reduce project costs . 
54 
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1 4.1.5.11 Schedule. Spent fuel activities would be scheduled to fully support 
2 FFTF operations (refer to Figure 2-2). 
3 
4 
5 4.1.6 Preferred Alternative - Irradiated Tritium Target Management 
6 
7 Irradiated tritium targets would be removed from the FFTF in a similar 
8 fashion as irradiated fuel (refer to Section 2.2.6). 
9 

10 4.1.6.1 Facility Description. The FFTF is described in Section 2.2.1. No 
11 additional modifications to the FFTF would be required to support the 
12 Preferred Alternative for irradiated tritium target management. 
13 
14 4.1.6.2 Site Description. The FFTF site description has been provided 
15 earlier (refer to Appendix D). 
16 
17 4.1.6.3 Land Use. No additional land use would be required to support the 
18 Preferred Alternative for irradiated tritium target management. All 
19 activ i ties would be conducted within the existing FFTF. A description of 
20 potential land use impacts can be found in Section 4.1.1.3. 
21 
22 4.1.6.4 Resources. It is expected that no substantial additional resources 
23 would be required to manage the irradiated tritium targets in the Preferred 
24 Alternative, when compared to past operations of the FFTF (refer to 
25 Section 4.1.1.4). 
26 
27 4.1.6.5 Routine Releases. The estimated environmental releases have been 
28 divided into four categories: 
29 
30 • Radiological airborne emissions. 
31 • Nonradiological airborne emissions. 
32 • Radiological liquid effluents. 
33 • Nonradiological liquid effluents. 
34 
35 4.1.6.5.1 Radiological Airborne Emissions. Routine releases from the 
36 FFTF for management of the irradiated tritium targets would be expected to be 
37 similar from those associated with washing fuel and/or test assemblies during 
38 past operations at FFTF (refer to Section 4.1.1.5.1). 
39 
40 4.1.6.5.2 Nonradiological Airborne Emissions. No substantial difference 
41 in nonradiological airborne emissions would be anticipated from FFTF, when 
42 compared to past operations of the facility (refer to Section 4.1.1.5.2). 
43 
44 A.1.6.5.3 Radiological Liquid Effluents. No substantial increase in 
45 radi~logical liquid effluents from FFTF would be anticipated as a result of 
46 the Preferred Alternative. The present system, recycling wash water through 
47 ion exchange, would continue (refer to Section 4.1.1.5.3). 
48 
49 4.1.6.5.4 Nonradiological Liquid Effluents. No substantial increase in 
50 nonradiological liquid effluents from FFTF would be anticipated as a result of 
51 the Preferred Alternative for irradiated tritium _target management. Sanitary 
52 waste would continue to be generated, similar to past full reactor operations 
53 (refer to Section 4.1.1.5.4). 
54 
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1 4.1.6.6 Routine Operations: Worker and Public Exposure. Section 4.1.6.5 
2 describes the radiological and hazardous chemical releases and the associated 
3 impacts resulting from routine operation of the FFTF. The resulting doses and 
4 potential health effects on the public and personnel at FFTF are described in 
5 the following and in Section 4.1.1.6. 
6 
7 Radiological Impacts. It is anticipated that personnel (and general 
8 public) exposure from managing irradiated tritium targets would be comparable 
9 to past reactor operating experience (refer to Section 4.1.1.6). 

10 
11 Nonradiological Impacts. No exposure to nonradiological hazardous 
12 materials is expected in the management of irradiated tritium targets. 
13 Statistical information regarding nonradiological impacts associated with 
14 operations on the Hanford Site are discussed in Section 4.1.1.6. 
15 
16 4.1.6.7 Radiological and Hazardous Chemical Impacts During Postulated 
17 Accidents. The handling of irradiated tritium targets is the same as for 
18 spent fuel. Accidents involving offloading of fuel ·cor tritium targets) have 
19 been analyzed (Appendix E). Bounding accidents include events during fuel 
20 washing and cask loading/transfer (refer to Section 4.1.5.4). Detailed 
21 analyses involving the transport of irradiated tri tium targets to the Savannah 
22 River Site are presented in Section 4.1.8.2. 
23 
24 4.1.6.8 Labor. The Preferred Alternative for irradiated tritium target 
25 management would not be expected to increase workforce requirements above 
26 those necessary for routine FFTF operations (refer to Section 4.1.1.8). 
27 
28 4.1.6.9 Waste Generation. The waste generated as a result of washing and 
29 disassembling the tritium target assemblies in preparation for transportation 
30 to the Savannah River Site are included in the waste stream descriptions for 
31 FFTF operations. 
32 
33 4.1.6.9.1 Liquids. As discussed in Section 4.1.1.9.1, minor amounts of 
34 liquid low-level wash water would be generated. 
35 
36 4.1.6.9.2 Solids. As discussed in Section 4.1.1.9.2, there would be 
37 solid low-level waste generated (i.e., 55 cubic yards per year). Included in 
38 this volume is irradiated hardware (e.g., sockets, ducts, etc.) that remain 
39 after the tritium targets are disassembled. Approximately 12 disposable solid 
40 waste casks per year would be required. 
41 
42 4.1.6.10 Costs. Estimated costs associated with irradiated tritium target 
43 management in FFTF are included in the costs presented for FFTF restart and 
44 operation (refer to Section 4.1.1.10). 
45 
46 4.1.6.11 Schedule. As discussed in Section 4.1.1 . 11, approximately 
47 3 1/2 years would be required to r~start the FFTF, as shown in Figure 2-2. 
48 Therefore, in approximately 4 years, irradiated tr i tium targets would be 
49 available for offsite transfer . 
50 
51 
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4.1.7 Preferred Alternative - Irradiated Medical Isotope Target Management 

The preferred alternative is to transport irradiated medical isotope 
targets from the FFTF to the 325 Building for processing, packaging, and 
shipment of the product isotopes to designated medical isotope distribution 
centers. 

4.1.7.1 Facility Description. 
the 325 Building. A discussion 
description of the 325 Building 
description of the 325 Building 

Medical isotopes targets will be processed in 
of medical isotope target management and a 
is presented in Section 2.2.7 and a detailed 
is provided in Appendix B.3. 

4.1.7.2 Site Description. The 325 Building is located in the 300 Area of the 
Hanford Site (Figure 1-2). The 300 Area is primarily devoted to research and 
development with laboratory-scale through pilot-scale activities. The 300 Area 
covers 0.6 square miles and is located in the southeastern corner of the 
Hanford Site, just north of the city of Richland. The 325 Building is located 
near the center of the 300 Area, at the south end of a large grouping of 
facilities. 

Information on the geology, seismology, hydrology, meteorology and 
climate, and other characteristics of the Hanford Site are presented in 
Appendix D. 

4.1.7.3 Land Use. Medical isotope target management would not require the 
construction of any new facilities and would not result in any change in 
current land use. 

Visual Resources. There would be no visual impacts because all facility 
modifications would be internal to buildings involved in medical isotope 
target management; there would not be any alteration to the outward appearance 
of any building. 

Cultural and Paleontological Resources. Activities associated with 
medical isotope target management do not involve any ground disturbance on the 
Hanford Site. As a result, there would not be any adverse impact on cultural 
and paleontological resources from medical isotope target management. 

Site Infrastructure. Site infrastructure impacts focus on electrical 
power requirements, road networks, rail interfaces, and fuel requirements. 
The proposed medical isotope target management activities are similar to those 
that were conducted routinely at the Hanford Site during past medical isotope 
projects. The infrastructure currently in place is capable of handling 
proposed medical isotope target management activities; therefore, no changes 
in the Hanford Site's infrastructure woul~ be required. 

4.1.7.4 Resources. The processing of medical isotopes is not a natural 
resource intensive activity. Work conducted within the 325 Building to 
support this alternative would not require a substantial increase in the 
current level of consumption of water, electrical power, and other resources. 
The following provides a brief synopsis of general resources necessary for the 
preferred alternative: 
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1 Electrical Consumption. The consumption of electrical power to support 
2 medical isotope target processing would not be substantial. In particular, 
3 the consumption of electrical power would be negligible compared to the power 
4 requirements associated with operating the FFTF (based on the FFTF's 
5 consumption of an average of about 110,000 megawatt hour per year during its 
6 operating period). Current annual consumption in the 325 Building is 
7 8, 000 megawatt hour. 
8 
9 Water Usage. Water for the 325 Building comes from the municipal water 

10 supply and i s distributed to the building from the 300 Area water grid . 
11 Medical isotope target management does not involve the use of substantial 
12 amounts of water . 
13 
14 4.1.7.5 Routine Releases. The estimated environmental releases have been 
15 divided into four categories: 
16 
17 • Radiological airborne emissions 
18 • Nonradiological airborne emissions 
19 • Radiological liquid effluents 
20 • Nonradiological liquid effluents . 
21 
22 4.1.7.5.1 Radiological Airborne Emissions. The control and monitoring 
23 of the airborne and gaseous radioactive material that is exhausted routinely 
24 to the atmosphere are addressed in the facility effluent monitoring plan 
25 (PNL-MA-661). Control features ensure that emissions do not exceed the 
26 concentration guides specified in DOE 5400.5, 40 CFR 61, and PNL-MA-8 for 
27 uncontrolled areas and maintain the emission as far below these guides as is 
28 reasonably achievable. The effluent stream in the exhaust stack is monitored 
29 and/or sampled to determine releases of alpha- and beta-emitting 
30 radionuclides , and I-131, and tritium. 
31 
32 The target materials are extremely expensive (refer to Table 4-16) and 
33 great care would be taken to recycle all materials and prevent the loss of 
34 material through the ventilation system . Because processing operations would 
35 be conducted in hot cells, fume hoods, and gloveboxes, exhaust air from the 
36 work area would pass through one or more high-efficiency particulate air 
37 filtration systems before being emitted to the atmosphere . Gas traps would be 
38 used to prevent the loss of gaseous materials . 
39 
40 Table 4-17 provides estimated inventories of medical isotopes and 
41 associated impurities that would be present in irradiated target assemblies 
42 transported to the 325 Building for processing. It also lists the estimated 
43 atmospheric emissions of radionuclides during rout i ne processing of the 
44 maximum anticipated production run for each type of isotope. Table 4-18 lists 
45 the doses to onsite and offsite receptors from routine emissions (as 
46 calculated using assumptions presented in Appendix E.3). The doses per target 
47 are calculated for the processing of the maximum anticipated production run 
48 for each isotope product. The maximum annual doses are calculated by 
49 multiplying the dose from processing the maximum single production by the 
50 maximum number of production runs in a year. The maximum annual dose to an 
51 onsite colocated worker would be 3.8 E-05 mrem, to an offsite resident it is 
52 7.0 E-05 mrem , and the collective dose to the offsite population is 
53 1.1 E-03 person-rem . These doses are well below limits specified in 40 CFR 61 
54 for radionuclide air emissions from DOE facilities . 
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4.1.7.5.2 Nonradiological Airborne Emissions. Nonradioactive 
constituents of airborne and gaseous waste are controlled by administrative 
procedures to meet federal, state, and local requirements. No substantial 
emissions of nonradioactive pollutants are anticipated as a result of 
irradiated medical isotope target processing. 

4.1.7.5.3 Radiological Liquid Effluents. 
liquid effluent pathways to the environment. 

There would be no radiological 

4.1.7.5.4 Nonradiological Liquid Effluents. The only nonradiological 
liquid effluent pathways to the environment are those associated with sanitary 
and process wastewater discharges (refer to Appendix B.3). These would 
represent a small percentage of the total discharge from the 325 Building. 

4.1.7.6 Routine Operations: Worker and Public Exposure. The following 
sections describe the radiological and hazardous chemical releases and their 
associated impacts resulting from routine operations in the 325 Building. 

Radiological Impacts--During 1995, the collective dose to personnel in 
the 325 Building laboratories, including the shielded facilities, was about 
10 person-rem, or an average of 0.1 rem per year for 100 personnel employed in 
the facility. The 325 Building average personnel dose was similar to the 
Hanford Site average for personnel with a measurable (i.e., non-zero) dose 
during 1995, which was 0.12 rem. Assuming that up to .12 personnel would be 
involved in medical isotope target processing and that the personnel would 
experience similar radiological doses, the collective dose would be 
approximately 1-2 person-rem per year. 

Radiological doses to DOE personnel are limited to 5 rem per year 
effective dose equivalents by standards in 10 CFR Part 835, and in practice 
this typically is controlled to 0.5 rem per year by site-specific 
administrative procedures unless special justification and approval are 
obtained. 

Radiological impacts to the public are addressed in Section 4.1.7.5.1. 

Nonradiological Impacts--Consequences to personnel from exposure to 
hazardous process chemicals were not evaluated in detail because the 
activities that would be conducted do not require sufficient quantities of 
such materials to present a substantial risk. There would be no exposure of 
hazardous nonradiological materials to members of the public. Statistical 
information regarding nonradiological impacts associated with operations at 
the Hanford Site are discussed in Section 4.1.1.6. 

45 4.1.7.7 Radiological and Hazardous Chemical Impacts During Postulated 
46 Accidents. The following sections discuss the bounding accidents that occur 
47 within different frequency categories. Details of methods used for the 
48 accident analysis are described in Appendix E.3. Table 4-17 presents an 
49 · estimate of the maximum inventory in the 325 Building for each medical isotope 
50 and its associated target products from the anticipated maximum production 
51 run. Processing of all material from a production run would be completed 
52 before material from the next production run of the isotope would be 
53 transported to the 325 Building. Table 4-17 also presents the acute release 
54 rate for target materials for the bounding accident in each frequency 
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1 category. The impacts associated with these accidents are summarized in 
2 Table 4-19 and are presented in greater detail in Appendix E.3. In some cases, 
3 the impact from a higher probability accident may be greater than that for a 
4 lower probability accident. In such cases, the impact from the higher 
5 probability event should be used to bound impacts. Estimates of radiological 
6 dose and latent cancer fatalities are computed using 'worst-case' atmospheric 
7 dispersion conditions*. If 'average' atmospheric dispersion conditions were 
8 used, estimates of dose and latent cancer fatalities could be reduced by about 
9 a factor of 100. 

10 
11 4.1.7.7.1 Anticipated Accidents. Several accident scenarios have been 
12 identified as representing potentially bounding 'anticipated accidents' (those 
13 with a probability of occurrence of greater than 10-2 per year). In all these 
14 scenarios, the ventilation system (including high-efficiency particulate air 
15 filtration) in the affected area continues to operate normally. These 
16 scenarios are as follows. 
17 
18 • Localized Solvent Fire . This is an event that could occur in any 
19 portion of the building. This accident could involve the entire 
20 contents of the target for one medical iso~ope. 
21 
22 • Localized Solid Fire. In this scenario, target material (in powder 
23 form) becomes airborne through the burning of uncontained contaminated 
24 cellulosic material. 
25 
26 • Spill in a Hot Cell. In this scenario, a spill of material occurs in 
27 a hot cell and fills its volume with O~l grams per cubic meter of 
28 respirable aerosols . 
29 
30 • Spill in a Laboratory. This event involves a spill of material in a 
31 laboratory during handling activities. 
32 
33 Hanford Site review criteria for anticipated events set a maximum dose of 
34 5 rem for onsite workers and 0.5 rem for members of the public. The 
35 anticipated category event resulting in the maximum exposure would be a 
36 localized fire (as described in Appendix E.3). The hypothetical maximum doses 
37 for the collocated worker and the individual at the nearest public access 
38 location would be 2 and 0.2 rem, respectively (from a release of iodine-125). 
39 If this accident occurred, the corresponding probability of a latent cancer 
40 fatality would be 10-3 for the collocated worker and about 10-4 for a person 
41 directly downwind at the nearest point of public access. The risk of a latent 
42 cancer fatality (considering both the consequences and the probability of 
43 occurrence of this accident) would be 10-6 per year for a collocated worker 
44 and 10-7 per year for a person at the nearest point of public access. Only 
45 the inhalation and external exposure pathways are considered because no food 
46 is produced at these receptor locations. 
47 
48 The hypothetical maximum doses to an offsite resident and the collective 
49 population dose would be 0.2 rem and 3,000 person-rem, respectively (from a 

50 * Under these conditions, an accidental release would generate ground-
51 level pollutant concentrations at the receptor that would only be exceeded 
52 during one out of every 200 potential occurrences of this accident. 
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1 release of iodine-131). If this accident occurred, two latent cancer 
2 fatalities (from external exposure and inhalation of the contaminant) are 
3 projected for the population within 50 miles of 325 Building. The risk of a 
4 latent cancer fatality to the population (considering both the consequences 
5 and the probability of occurrence of this accident) would be slightly below 
6 10·3 per year. 
7 
8 Doses from the ingestion pathway are used to determine the extent to 
9 which protective actions (interdiction or quarantine of contaminated food, for 

10 example) might be required in the event of an accident. The maximum ingestion 
11 doses for an anticipated event would occur for a release of iodine-125. 
12 
13 4.1.7.7.2 Unlikely Accidents. Accident scenarios that have been 
14 identified as representing potent i a 11 y bound i ni 'unlikely ace i dents' ( those 
15 with a probability of occurrence of between 10· and 10·4 per year) include: 
16 
17 • Liquid Waste Cask Accident. In this scenario, a liquid waste cask 
18 fails and spills 550 gallons of material from a height of 8 feet. The 
19 ventilation system (including high-efficiency particulate air 
20 filtration) in the affected area continues to operate normally. 
21 
22 • Unlikely Seismic Event. In this scenario, a seismic event causes 
23 multiple spills of powders throughout the facility (involving the 
24 medical isotope project and other 325 Building projects) accompanied 
25 by the failure of the high-efficiency particulate air filtration 
26 system. In addition, the localized solvent fire and solid fire can 
27 occur in this frequency range . 
28 
29 Hanford Site review criteria for unlikely events set a maximum dose of 
30 25 rem for onsite workers and 5 rem for members of the public. The unlikely 
31 category event resulting in the maximum exposure would be an unlikely seismic 
32 event ( an earthquake with out fire and having a return frequency greater than 
33 1 E-4 per year) or a localized fire (as described in Appendix E.3). The 
34 hypothetical maximum doses for the collocated worker and the individual at the 
35 nearest public access location would be 8 and 1 rem, respectively (from a 
36 release of iodine-125). If this accident occurred, the corresponding 
37 probability of a latent cancer fatality would be slightly above 10·3 for the 
38 collocated worker and slightly below 10·3 for a person directly downwind at 
39 the nearest point of public access . The risk of a latent cancer fatality 
40 (considering both the conse~uences and the probability of occurrence of this 
41 accident) would be below 10· per year for a collocated worker and slightly 
42 below 10·6 per year for a person at the nearest point of public access. · 
43 
44 The hypothetical maximum doses to an offsite resident and the collective 
45 population dose would be 0.8 rem and 14,000 person-rem, respectively (from a 
46 release of iodine-131) . If this accident occurred, seven latent cancer 
47 fatalities (from external exposure and inhalation of the contaminant) are 
48 projected for the population within 50 miles of 325 Building. The risk of a 
49 latent cancer fatality to the population (considering both the consequences 
50 and the probability of occurrence of this accident) would be slightly below 
51 10·3 per year . If ingestion pathways are considered for planning protective 
52 actions, releases of iodine-125 produce the greatest impacts. 
53 
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1 4.1.7.7.3 Extremely Unlikely Accidents. An uncontrolled fire or a large 
2 seismic event appear to be bounding ' extremely unlikely accidents' (those with 
3 a probability of occurrence between 10-4 and 10-6 per year) . In the following 
4 scenarios, the 325 Building ventilation system fails and high-efficiency 
5 particulate air filtration is lost. 
6 
7 • Large Uncontrolled Fire. In this scenario, a large uncontrolled fire 
8 impacts the entire 325 Building. A substantial percentage of the 
9 inventory of radiological materials and chemicals are involved in the 

10 fire. The fire also creates new pathways for releasing airborne 
11 pollutants to the environment . 
12 
13 • Extremely Unlikely Seismic Event . In this scenario, a large seismic 
14 event causes a substantial structural failure within the building, 
15 glovebox explosions, and an upset of the inventory of the building . 
16 About 50 percent of the material being stored and processed in the 
17 building is released by drops and spills. 
18 
19 • Loss of Power and Explosion . This scenar io assumes loss of services 
20 to the 325 Building, which inactivates the ventilation system . Upon 
21 failure of the ventilation systems , airflow through the hot cells, 
22 gloveboxes, hoods, and tanks would also cease. Without ventilation , 
23 the potential exists for a buildup of flammable or combustible vapors 
24 in those areas with volatile chemicals. A deflagration in a glovebox 
25 from the buildup of a flammable solvent or volatile chemical is 
26 assumed to occur. 
27 
28 Hanford Site review criteria for extremely unlikely events set a maximum 
29 dose of 100 rem for onsite workers and 25 rem for members of the public . The 
30 extremely unlikely category event result i ng in the maximum exposure would be a 
31 loss of power followed by an explosion (as described in Appendix E.3) . The 
32 hypothetical maximum doses for the colocated worker and the individual at the 
33 nearest public access location would be 65 and 8 rem, respectively (from a 
34 release involving an radium-226 target) . If this accident occurred, the 
35 corresponding probability of a latent cancer fatalit~ would be slightly above 
36 10-2 for the collocated worker and slightly below 10- for a person directly 
37 downwind at the nearest point of public access. The risk of a latent cancer 
38 fatality (considering both the conse~uences and the probability of occurrence 
39 of this accident) would be below 10-7 per year for a collocated worker and 
40 below 10-8 per year for a person at the nearest point of public access. 
41 
42 The hypothetical maximum doses to an offsite resident and the collective 
43 population dose would be 4 rem and 40,000 person-rem; respectively. If this 
44 accident occurred, 20 latent cancer fatalities (from external exposure and 
45 inhalation of the contaminant) are projected for the population with i n 
46 50 miles of 325 Building . The risk of a latent cancer fatality to the 
47 population (considering both the consequences and the probability of 
48 occurrence of this accident) would be slightly above 10-3 per year . If 
49 ingestion pathways are considered for planning protective actions , the release 
50 of iodine-125 would produce the greatest impacts. 
51 
52 4.1.7.8 Labor. It is expected that the existing Hanford Site workforce would 
53 provide support for the processing of medical isotope targets and to perform 
54 the necessary internal modifications to 325 Building facilities . 
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1 Approximately 12 personnel would be directly involved in the processing of 
2 medical isotopes. On average, a labor commitment of six full-time equivalents 
3 would be required for this activity. 
4 
5 4.1.7.9 Waste Generation. The proposed medical isotope processing activities 
6 would result in the generation of some additional liquid ~nd solid wastes as 
7 described in the following. 
8 
9 4.1.7.9.1 Liquids. Small amounts of radiological liquid waste would be 

10 created as a result of the chemical separations processing as target material 
11 is dissolved in an acid solution. The acid solution and other chemicals would 
12 become radiological liquid waste after processing and material recycling is 
13 completed. This waste would represent a small percentage of the total 
14 discharged from the 325 Building. The quantity of nonradiological liquid 
15 effluents would depend on the number and types of targets created . The 
16 disposal of radiological liquid waste would be conducted according to all 
17 applicable regulations and standards to limit environmental impacts. 
18 
19 Liquid radioactive waste would be adjusted to pH 10 and transferred for 
20 temporary storage in a 3,000-gallon waste storage tank located in the basement 
21 of the 325 Building. When full, the contents of the tank would be transported 
22 by an approved onsite transportation cask to existing facilities in the 
23 200 Areas for treatment, storage, and/or disposal. Organic low-level waste 
24 would be placed in glass or plastic containers and packed into 55-gallon 
25 drums. The drums also would be transported to existing waste facilities in 
26 the 200 Areas. 
27 
28 Nonradiological liquid waste would be associated with the cleaning of 
29 gloveboxes, fume hoods, and equipment. The quantity of nonradiological liquid 
30 waste would depend on the number and types of targets created. It is 
31 projected that the nonradiological liquid waste stream from medical isotope 
32 target fabrication would comprise a small percentage of the liquid waste 
33 streams associated with the 325 Building operations. 
34 
35 Liquid transuranic waste would be solidified and placed in metal drums or 
36 metal boxes and transported to existing waste management facilities in the 
37 200 Areas for storage, or repackaged and shipped to the Waste Isolation Pilot 
38 Plant in New Mexico, or to another approved repository. The volume of liquid 
39 waste generated per year would be on the order of 100 cubic feet, with from 
40 1 to 10 cubic feet coming from the annual processing of each medical isotope . . 
41 
42 4.1.7.9.2 Solids. Solid low-level waste is separated into compactible 
43 (e.g., plastic, paper, glassware) and noncompactible waste with dose rates 
44 less than 100 millirem per hour at contact. Compactible waste would be 
45 compacted into 55-gallon drums; noncompactible waste would be placed either in 
46 55-gallon drums or metal boxes. Solid ~ixed waste would be placed in metal 
47 containers (generally 55-gallon minimum) and transported to the existing 
48 200 Areas waste management facilities. Solid transuranic waste would be 
49 placed in metal drums or metal boxes and transported to the 200 Areas waste 
50 management facilities for later repackaging and shipment to the Waste 
51 Isolation Pilot Plant in New Mexico or another approved repository. The 
52 volume of solid waste generated per year would be between 10 and 100 cubic 
53 feet , nearly all from the processing of europium tarets to make gadolinium-153 
54 (refer to Appendix G). 

971 121.1649 4-43 



HNF-1855, Draft B 

1 4.1.7.10 Costs. The cost for the processing of medical isotope targets and 
2 related activities is estimated to be on the order of $10 million per year. 
3 This estimate assumes the processing of three long-term targets and 
4 60 short-term targets per year (240 chemical _processing campaigns per year at 
5 the 325 Building). 
6 
7 There are initial costs associated with preparing the 325 Building for 
8 medical isotope processing. These costs include obtaining the required number 
9 of uncontaminated gloveboxes and fume hoods, remodeling a portion of the 

10 325 Building's laboratory space to house the new processing equipment, 
11 installing equipment (including connection to the ventilation system), 
12 upgrades to the ventilation system, and miscellaneous laboratory 
13 modifications . The cost for this activity translates into a cumulative 
14 startup cost on the order of $20 to $25 million to accommodate the processing 
15 of up to 30 different medical isotope products. 
16 
17 4.1.7.11 Schedule. Modifications to the 325 Building would be completed 
18 before the first shipment of medical isotopes scheduled for processing is 
19 received from the FFTF (refer to Figure 2-2). The facility would be equipped 
20 and staffed to process up to three long-term isotope targets and 60 short-term 
21 targets per year (240 chemical processing campaigns per year). 
22 
23 
24 4.1.8 Preferred Alternative - Transportation Impacts 
25 
26 The preferred alternative would require the transportation of raw 
27 materials from throughout the United States to the Hanford Site for the 
28 fabrication of fuel and targets to be irradiated in FFTF. After irradiation, 
29 tritium targets would be transported to the Savannah River Site for 
30 processing, and the medical isotope targets would be transported to the 
31 325 Building for processing (with subsequent shipment of the resultant product 
32 isotopes to one of three designated medical isotope distribution centers). 
33 Spent nuclear fuel would be packaged and placed in dry interim storage on the 
34 Hanford Site [400 Area interim storage area (dry cask storage) or the 200 Area 
35 Canister Storage Building Complex interim storage area (dry cask or vault 
36 storage)]. Waste would be packaged and transported to appropriate treatment, 
37 storage, and/or disposal facilities. 
38 
39 Transportation of radioactive and nonradioactive materials, both onsite 
40 (truck and/or rail) and offsite (truck, rail, or air), are routine activities 
41 throughout the entire DOE Complex. Appropriate containers are used for the 
42 transport of product material and waste, regardless of the form (solid, 
43 liquid, mixtures, or gases). As necessary, Nuclear Regulatory Commission- or 
44 U.S. Department of Transportation-licensed casks are used for offsite shipment 
45 of radioactive materials. 
46 
47 Congress has mandated uniform laws for the safe transport of hazardous 
48 materials. The U.S. Department of1ransportation is the principal federal 
49 agency designated by Congress to implement the regulations, ensure compliance, 
50 and provide emergency response guidance. 
51 
52 The DOE ships hazardous materials, including radioactive materials, in 
53 full compliance with federal laws specifically covering the transport of these 
54 hazardous materials (49 CFR 171-178). These laws are applicable to, and 
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1 cannot be preempted by, individual states. Although not required by law, DOE 
2 has a policy of coordinating the transport of certain hazardous materials 
3 (such as plutonium and tritium) with state officials. Routes · are selected to 
4 circumvent populated areas, maximize the use of interstate highways, and avoid 
5 bad weather. Exceptional precautions are taken to ensure safe transport. 
6 Although DOE has experienced traffic accidents related to the interstate 
7 transport of radioactive materials, there has never been a traffic accident 
8 involving the release of radioactive material causing injury or death. DOE 
9 coordinates emergency preparedness plans and responses with involved states. 

10 
11 Transportation of spent nuclear fuel, waste products, unirradiated 
12 targets, irradiated targets and isotopes that is conducted entirely on DOE 
13 property (to which public access is controlled at all times through the use of 
14 gates and guards) is subject to DOE Orders, but is not directly subject to the 
15 U.S. Department of Transportation regulatory requirements. 
16 
17 Related discussions regarding the transportation of fissile materials and 
18 medical isotopes can be found in Storage and Disposition of Weapons-Usable 
19 Fissile Materials Final Programmatic Environmental Impact Statement 
20 (DOE/EIS-0229) and Medical Isotopes Production Project: Molybdenum-99 and 
21 Related Isotopes Environmental Impact Statement (DOE/EIS-0249). 
22 
23 4.1.8.1 Transport of Raw Materials. The transportation of raw materials to 
24 the Hanford Site assumes shipment of powdered plutonium and uranium oxide, 
25 limited quantities of process chemicals (e.g., nitric acid), as well as 
26 nonradiological and nontoxicological materials such as stainless steel. 
27 Previous environmental analyses are summarized below to address associated 
28 potential consequences for the proposed FFTF mission, which would be expected 
29 to be low. 
30 
31 Radiological Impacts. Normal operations associated with the 
32 transportation of raw materials from a location in the U.S. to the FMEF could 
33 result in the exposure of transportation personnel and the general public to 
34 vehicular emissions, and radiation from the transport of radiological feed 
35 materials. Accidents also pose radiological and nonradiological risks to 
36 personnel and the public. 
37 
38 Potential environmental impacts associated with the transportation of 
39 powdered plutonium and uranium oxides have been analyzed previously 
40 (DOE/EIS-0229). The analysis assumed truck transfer of approximately 
41 31 metric tons of plutonium and uranium oxide powder from an unspecified 
42 storage location in the U.S. to a mixed oxide fuel fabrication facility (also 
43 in the U.S., at a maximum distance of approximately 2,500 miles). The total 
44 potential fatalities associated with the action (representing both 
45 radiological and nonradiological risks) were 0.4 (plutonium oxide shipments) 
46 and 0.2 (uranium oxide). It is expected that transportation impacts for 
47 transferring approximately 22 metric tons of plutonium and uranium oxide 
48 powders to FMEF for the proposed FFTF mission would be bounded by the 
49 aforementioned analysis. 
50 
51 Nonradiological Impacts. The potential toxicological transportation 
52 consequences for the proposed FFTF mission may be compared, on a graded 
53 approach, with an earlier environmental analysis dealing with Hanford Site 
54 nitric acid shipments (DOE/EA-1005). It would be expected that toxicological 
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impacts associated with shipments of large quant i ties of nitric acid (a 
hazardous corrosive material in readily-dispersible liquid form) would bound 
the transport of relatively small quantities of liquid and solid process 
chemicals (refer to Sections 4.1.1.4, 4.1.2.4, 4.1.3.4, and 4.1.4.4) required 
for the proposed FFTF mission. 

' 

The transfer of 183,000 gallons of surplus radioactive, low-specific 
activity, nitric acid from the Hanford Site to the United Kingdom was analyzed 
in DOE/EA-1005. The action, which involved over 50 shipments of material to 
the United Kingdom, and subsequent return of the empty containers, was 
completed incident-free; i.e., no accidents during loading, offloading, or the 
intermediate truck transportation. In fact, U.S. Department of Transportation 
statistics indicate that from 1985 through 1995, only 12 accidents duririg 
transport of nitric acid solutions (40 or greater weight percent) occurred. 
Over this 10-year span, the 12 accidents resulted in 5 minor injuries to 
individuals and 100 evacuations. 

4.1.8.2 Transport of Irradiated Tritium Targets. The consequences of 
transporting irradiated tritium pins from the FFTF to the Tritium Extraction 
Facility at the Savannah River Site are discussed in this section. Several 
truck or rail shipments containing irradiated targets would occur each year. 
The targets would be packaged in robust, Type-B shipping casks licensed by the 
U.S. Nuclear Regulatory Commission. These shipping casks must meet stringent 
federal standards (10 CFR 71) and are designed and constructed to contain 
their contents during both normal transport and during postulated 
transportation accidents (Appendix F.l). All transportation activities, 
including shipment documentation, manifesting, placarding, and labeling would 
be conducted in a manner consistent with U.S. Department of Transportation 
regulations (49 CFR Parts 100-199) . Potential risks to human health 
associated with both normal transportation and accidents are presented in the 
following sections. Best available data were used in the risk assessment 
models. However, in certain cases, FFTF target-specific data are unavailable 
or uncertain at this time. Consequently, conservative assumptions have been 
made for purposes of the assessment to over-estimate the actual risks that 
would be incurred during shipments of the tritium t argets. 

It is assumed that shipments of the irradiated targets would consist of 
consolidated pins (i.e., disassembled target assemblies and repackaged 
individual pins). Because the exact shipment configuration is uncertain at 
this time, the following two credible shipment scenarios were defined based on 
existing FFTF infrastructure and possible Tritium Extraction Facility 
interface requirements (CDR 98-D-25) and have been evaluated. 

• Scenario 1. Shipments would consist of consolidated pins in a 
'close-packed' arrangement. As an upper bound, this loading 
configuration would consist of 361 pins per shipment (equivalent to 
19 intact target assemblies). It is assumed that a maximum of 
77 target assemblies (19 pins per target) would be disassembled and 
the pins shipped each year, resulting in an annual total of four 
shipments. Based on a design production goal of 2.89 grams of tritium 
per pin and a specific activity for tritium of 9.64 x 103 curies per 
gram, the total activity of tritium would be about 107 curies per 
shipment. 
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1 • Scenario 2. Shipments were assumed to consist of 80 pins in a 
2 close-packed arrangement. Because each shipment would contain fewer 
3 pins than defined for scenario 1, this loading configuration would 
4 require approximately 18 shipments each year, with a total tritium 
5 activity of about 2 x 106 curies per shipment. · 
6 
7 Additional background information and the basis for the results presented 
8 in the following section are contained in Appendix F. 
9 

10 4.1.8.2.1 Incident-Free Transportation Impacts. Incident-free 
11 transportation impacts associated with the tritium target shipments include 
12 external radiation exposures and the nonradiological impacts due to pollutants 
13 emitted by the transport vehicles. For the majority of DOE radioactive 
14 material shipments, external exposure rates are limited by federal regulations 
15 to a maximum value of 10 millirem per hour measured 6.6 feet from the lateral 
16 surfaces of the transport vehicle. Risks are estimated for the entire 
17 population of potentially exposed people, as well as for maximally exposed 
18 individuals. For this analysis, a representative highway route from the 
19 Hanford Site to the Savannah River Site was assumed. 
20 
21 Potential Radiological Impacts. Table 4-20 presents the estimated doses 
22 during routine transportation conditions for several different individual 
23 receptors on a per-event basis. All doses are estimated to be much less than 
24 the regulatory limit of 100 millirem per year. 
25 
26 The potential exists for greater individual exposures if multiple 
27 exposure-causing events occur. For instance, the dose to a person stuck in 
28 traffic next to a shipment for 30 minutes is estimated to be about 
29 11 millirem. If the duration of exposure is longer, the dose would rise 
30 proportionally. However, the potential for the same individual to be stopped 
31 in close proximity to more than one shipment is considered to be extremely 
32 low . The dose to a person who resides 98 feet from a transportation route and 
33 is present for every shipment would be much less than 1 millirem. For 
34 comparison, the average individual dose from background radiation (all 
35 sources) in the United States is approximately 365 millirem per year 
36 PNNL-11472). 
37 
38 Potential Nonradiological Impacts. The types of air ·pollutants that are 
39 generated by transportation and could affect the public would be oxides of 
40 sulfur and nitrogen, particulates, carbon ~onoxide, hydrocarbons, and 
41 photochemical oxidants . The number of expected fatalities due to fugitive 
42 vehicle emissions is essentially zero (i.e., less than 2 x 10.4

) . 

43 
44 4.1.8.2.2 Transportation Accident Impacts. Potential nonradiological 
45 accident impacts consist of fatalities resulting from vehicular accidents 
46 involving the shipments, unrelated to the radioactive cargo. 
47 
48 Radiological impacts are calculated for rural, suburban, and urban 
49 populations under neutral and stable weather conditions. It was assumed that 
50 following the worst credible transportation accident, 0.8 percent of the 
51 tritium inventory would be released, corresponding to 80,000 curies of tritium 
52 for scenario 1 and 16,000 curies of tritium for scenario 2. The probability 
53 of such an accident was conservatively estimated to be approximately 2 x 10·5 

54 per year for scenario 1, and 9 x 10·5 for scenario 2. 
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1 The collective population consequences are summarized in Table 4-21 for 
2 both scenarios. No latent cancer fatalities would be expected for any of the 
3 accident scenarios considered. 
4 
5 For scenario 1, the radiation dose to an individual 100 meters downwind 
6 from the accident site, assumed to be present for 2 hours, was estimated to 
7 approximately 2 rem during neutral weather conditions, and approximately 
8 40 rem during stable conditions. For scenario 2, the maximum doses would be 
9 approximately 0.4 rem and 8 rem for neutral and stable conditions, 

10 respectively. Such dose levels would not be expected to cause acute 
11 fatalities in the exposed individuals, but would result in an increased chance 
12 of a latent fatal cancer of between 0.0002 and 0.02 over the lifetime of the 
13 individuals. Table 4-22 provides a summary of annual shipment information and 
14 collective population impacts. 
15 
16 4.1.8.3 Transport of Medical Isotopes. The transportation mode, the shipment 
17 origin and destination, and transportation requirements for medical isotopes 
18 are illustrated in Figure 4-3. With the exception of the transportation of 

.19 radium-226 to the 325 Building for target fabrication, the same transportation 
20 scenario is applicable to each isotope. The nonradioactive target materials 
21 would be shipped by truck on an as-needed basis from Oak Ridge National 
22 Laboratory to the 306-E Building, 325 Building and FMEF for target 
23 fabrication. As a bounding case, the target material for each assembly is 
24 assumed to be separately shipped by truck from Oak Ridge National Laboratory 
25 to the 325 Building . 
26 
27 The fabricated targets would be shipped one at a time by truck from the 
28 306-E and 325 Buildings and FMEF to the FFTF. Following irradiation in the 
29 FFTF, the irradiated targets would be shipped back to the 325 Building for the 
30 required processing of the medical isotopes and packaging for shipment to 
31 distributors. A Type B, accident-resistent shipping cask would be used for 
32 transporting all irradiated targets from the FFTF to the 325 Building. For 
33 the purposes of this analysis, it is assumed that all the pins from one 
34 assembly would be shipped at a time. Following target processing in the 
35 325 Building, medical isotope products (in either liquid, gas or solid form) 
36 would be placed in glass vials or capsules and inserted into a shipping cask 
37 for shipment to the pharmaceutical distributors*. 
38 
39 Medical isotope products would be shipped by truck to the Tri-Cities 
40 Airport located in Pasco, Washington. The product isotopes are assumed to be 
41 transported using a direct commercial passenger flight, to Salt Lake City, 
42 Utah. Passenger air service was assumed in the transportation impact analysis 

43 * In addition to the primary shipment of medical isotope products to 
44 pharmaceutical distributors, there would be a number of direct shipments to 
45 medical researchers and other customers, as well as some international 
46 shipment of products. Focusing on the shipment of medical isotope products to 
47 domestic pharmaceutical distributors provides a simplified set of conditions 
48 that would generally bound most transportation impacts. An explicit 
49 consideration of other, less commonly used transportation pathways would be 
50 conducted in future assessments . 
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1 as a bounding assumption, as air cargo service would result in smaller 
2 impacts*. The product would be transferred to another commercial passenger 
3 flight for transport to the airport .nearest the designated pharmaceutical 
4 distributor: Amersham Mediphysics (near Chicago, Illinois), Dupont-Merck 
5 (near Boston, Massachusetts), and Mallinckrodt (near St. Louis, Missouri). 
6 The medical isotope product would be transported from the destination airport 
7 to the pharmaceutical distributor by truck, using public roadways. 
8 
9 The following sections present the results of the transportation impact 

10 analysis under both incident-free and accident scenarios. Annual impacts have 
11 been calculated based on bounding projections of market demand and production 
12 capacity. 
13 
14 The input data used to model each truck and air shipment are presented in 
15 Appendix F. 2. The bounding radiological inventory used in the analysis •is 
16 shown in Table 4-23 (activation products are discussed in Appendix F.2). 
17 
18 4.1.8.3.1 Incident-Free Transportation Impacts. The expected 
19 radiological and nonradiological impacts for the routine shipping of each 
20 medical isotope product are presented in Tables 4-24 and 4-25, respectively. 
21 For many medical isotopes, the nonradiological impacts from routine transport 
22 exceed the radiological impacts (i.e., the 'tailpipe' emissions from the truck 
23 exhaust present a greater risk to personnel and the public than do radiation 
24 emissions from the shielded medical isotopes). 
25 
26 4.1.8.3.2 Transportation Accident Impacts. The shipping casks are 
27 designed to withstand severe hypothetical transportation accident conditions 
28 (as required by federal regulations); therefore, only a small fraction of 
29 accidents involve conditions that are severe enough to result in a release of 
30 radioactive materials. 
31 
32 A summary of the radiological impacts for a transportation accident is 
33 presented in Table 4-26. Each transportation segment (via truck and air) is 
34 factored into this summary. The greatest transportation risk for radiological 
35 accidents is 0.015 latent cancer fatalities per year for the transportation of 
36 actinium-227. Other isotope products made from the radium-226 target (i.e., 
37 thorium-228 and thorium-229) have transportation risks that approach 10-3 

38 latent cancer fatalities per year. The isotope product with the next highest 
39 transportation risk is iodine-125; its risk level is only 10-5 latent cancer 
40 fa~alities per year. 
41 
42 The nonradiological impacts associated with transportation accidents are 
43 assumed to be comparable to the impacts associated with general transportation 
44 acti~ities in the United States. Fatalities are due to vehicular impacts with 
45 solid objects, rollovers, or collisions. Results are obtained for each 
46 alternative by multiplying a standardized unit risk factor (i.e., fatalities 
47 per unit distance traveled) by the appropriate total shipping distances for 
48 each alternative. The results of this analysis are shown in Table 4-27. 

49 * During routine operations, air cargo service would be the primary air 
50 carrier for isotope products. Commercial passenger flights would only be used 
51 to expedite urgent shipments of medical isotopes for critical research or 
52 patient treatment applications. 
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1 4.1.8.4 Transport of Spent Nuclear Fuel. The handling of materials, such as 
2 spent nuclear fuel, is similar to routine activities conducted on the Hanford 
3 Site. In general, the transportation of FFTF spent nuclear fuel would be 
4 limited to onsite transfers. Transfers could be from the FFTF to the 400 Area 
5 interim storage area, the 400 Area interim storage area to the 200 Area 
6 Canister Storage Building Complex, and/or from the FFTF directly to the 
7 200 Area Canister Storage Building Complex. 
8 
9 The interim storage cask would be used for onsite transportation of FFTF 

10 spent nuclear fuel from the 400 Area to the 200 Area Canister Storage Building 
11 Complex. As discussed in Section 2.2.5.3, the interim storage casks are 
12 designed to meet the applicable requirements for spent fuel storage and are 
13 modeled after approved U.S. Nuclear Regulatory Commission storage cask designs 
14 for spent commercial fuel. In addition to storage criteria, site-specific 
15 design requirements also were imposed on the interim storage cask design to 
16 allow for onsite transfers. 
17 
18 An existing licensed (U.S. Department of Transportation) spent fuel 
19 shipping cask is available for offsite transportation (e.g., shipment of fuel 
20 to other DOE facilities for diagnostic examinations). This cask is smaller 
21 than an interim storage cask and can accommodate shipment of pins or a single 
22 fuel assembly. 
23 
24 Radiological Impacts--The interim storage cask evaluation for onsite 
25 transportation shows that for all normal and accident conditions, including a 
26 design basis 8-foot drop event, confinement of the radioactive contents is 
27 maintained. Additionally, as discussed in Section 4.1.1.7.2, a 
28 beyond-design-basis drop accident also has been addressed. This accident 
29 would be a bounding case for onsite transportation of spent fuel within the 
30 interim storage cask. The consequence analysis for this accident, as shown in 
31 Table 4-9, determined that both onsite and offsite individual receptor doses 
32 are well within risk guidelines . 
33 
34 In addition, the potential radiological impacts associated with onsite 
35 transport of Hanford Site spent nuclear fuel were analyzed previously 
36 [Department of Energy programmatic spent Nuclear Fuel Management and Idaho 
37 National Engineering Laboratory environmental Restoration and Waste Management 
38 Programs Final Environmental Impact Statement (DOE/EIS-0203)]. The analysis 
39 indicated that no latent cancer fatalities would be anticipated, to personnel 
40 or the general public, as a result of incident-free transportation. 
41 
42 Accident scenarios also were considered in the aforementioned EIS . The 
43 most severe reasonably foreseeable onsite transportation accident scenario was 
44 shipment of miscellaneous fuels currently located in the 300 Area to dry 
45 storage in the 200 Areas. No fatalities would result as a result of this 
46 postulated event. 
47 
48 Nonradiological Impacts--Nonradiological impacts considered fatalities 
49 that might result from traffic accidents as well as health effects from 
50 pollutants emitted from vehicles involved in onsite shipments of spent nuclear 
51 fuel (the risks are unrelated to the radioactive nature of the materials being 
52 transported). The analysis indicated that no fatalities would result. 
53 
54 
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3 When considering Environmental Justice impacts associated with the 
4 proposed FFTF mission of interim tritium/long-term medical isotope production, 
5 it is noted that minority populations and low-income populations reside within 
6 50 mi l es of the Hanford Site. The density and distribution of these 
7 populations are discussed in DOE/EIS-0229, Storage and Disposition of Weapons-
8 Usable Fissile Materials Final Programmatic Environmental Impact Statement. 
9 

10 As stated in DOE/EIS-0229, for environmental justice impacts to occur, 
11 there must be high and adverse human health or environmental impacts that 
12 disproportionately affect minority populations or low-income populations. The 
13 analyses presented in this Technical Information Document show that air 
14 emissions and hazardous chemical and radiological releases from normal 
15 operations for all alternatives would be within regulatory limits and that no 
16 latent cancer fatalities would result. 
17 
18 The public health and safety analyses also indi·cate that radiological 
19 releases from accidents would not result in substantial adverse human health 
20 or environmental impacts. Therefore, such accidents would not have 
21 disproportionately high and adverse impacts on minority or low-income 
22 populations. It is unlikely that there would be disproportionately high and 
23 adverse impacts to minority populations or low-income populations surrounding 
24 the FFTF. Any potential transportation accidents would be random events that 
25 would not disproportionately affect minority or low-income populations. 
26 
27 Further, the analyses presented in this Technical Information Document 
28 indicate that socioeconomic changes resulting from implementing any of the 
29 proposed alternatives would not lead to environmental justice impacts. Most 
30 alternatives would provide economic benefits through generating additional 
31 employment and income opportunities on the Hanford Site, given the current 
32 · Hanford Site mission ('clean-up') and the present standby status of the FFTF. 
33 
34 
35 4.2 NO ACTION ALTERNATIVE 
36 
37 The No Action alternative would consist of maintaining the FFTF 
38 indefinitely in the current standby mode. FMEF would continue pursuit of a 
39 mission for the facility, which currently is used primarily for office space 
40 and to support noncontaminated equipment testing. The 306-E and 325 Buildings 
41 would continue with current research and operation activities. A description 
42 of each ·facility under the No Action alternative is provided in Sections 4.2.1 
43 through 4.2 .4. 
44 
45 
46 4.2. 1 Fast Flux Test Facility 
47 
48 Under the No Action alternative, the FFTF would remain in the current 
49 standby state; i.e., with molten sodium coolant circulating through the sodium 
50 systems and the reactor vessel defueled, pending a future DOE decision on a 
51 new mission or shutdown. Fuel with additional use for a potential new mission 
52 would be retained. Continued standby (i.e., present status of the facility) 
53 re qui res most of the systems to remain active to ma i nta i.n the sodium systems 
54 and nuclear fuel in a safe configuration. Therefore, potential environmental 
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1 impacts associated with routine operations for the No Action alternative would 
2 be similar to full operation of the facility (i.e., the preferred alternative) 
3 as discussed in Section 4.1.1. 
4 
5 4.2.1.1 Facility Description. A detailed description of the FFTF is provided 
6 in Section 2. 2.1. No substantial modifications would occur under the FFTF No 
7 Action alternative . 
8 
9 4.2.1.2 Site Description. The site description is provided in Appendix D. 

10 
11 4.2.1.3 Land Use. There would be no additional land use requirements 
12 associated with the No Action alternative . 
13 
14 4.2 . 1.4 Resources. The FFTF would continue to use existing resources 
15 (e.g., electrical, sanitary water) to maintain the facility in its current 
16 state, with circulating molten sodium, under the No Action alternative. No 
17 resources have been identified that would require excessive demands , creating 
18 any shortages or any other difficulties . 
19 
20 Electrical Usage. The average electrical usage for the FFTF during the 
21 current standby mode is approximately 55,000 megawatt hours per year. This 
22 compares to the total energy requirements for the Hanford Site during fiscal 
23 year 1996, which exceeded 332,000 megawatt hours. Adequate electrical energy 
24 is available from the regional power grid to supply the FFTF electrical 
25 demands . 
26 
27 Water Usage. Groundwater pumped from deep wells located within the 
28 400 Area is used to meet water requirements (FFTF and FMEF). There is one 
29 primary supply well with two standby wells available . The well water is 
30 chlorinated as it is pumped into one of three 300,000-gallon-capacity storage 
31 tanks. The storage tanks supply water for both sanitary water and fire 
32 protection systems . 
33 
34 The only water demand is for fire protection, sanitary, and process water 
35 usage. Withdrawals from current operations in the 400 Area are approximately 
36 52 million gallons per year Approximately 1,200 gallons of sodium 
37 hypochlorite would be consumed annually in water treatment. 
38 
39 Argon Usage. Argon usage during reactor operations was approximately 
40 102,000 gallons in 1991 (last full year of operation). Argon consumption 
41 during standby would be approximately 72,000 gallons per year . 
42 
43 Nitrogen Usage. Nitrogen usage during reactor operations was 
44 approximately 500,000 gallons in 1991 (last full year of operation). Nitrogen 
45 consumption during standby would be approximately 140,000 gallons . 
46 
47 Fuel Oil Usage. Fuel oil is required for the emergency fire pumps, 
48 emergency diesel generators, and for the sodium preheaters in the main heat 
49 transport system dump heat exchangers. Fuel oil usage during operations 
SO averaged approximately 20,000 gallons per year . Fuel oil consumption during 
51 standby would be approximately 10,000 gallons per year. 
52 
53 Cooling Water Chemicals. Cooling water chemical treatment is 
54 approximately the same each year and would include approximately 8,000 pounds 
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of anti-scaling agent and 6,000 pounds of biocide (biological growth control 
agent) . 

Other Chemicals. Refer to Section 4.1 . 1.4 for a discussion of other 
chemicals that would remain in use at the FFTF. 

4.2.1.5 Routine Releases. The estimated environmental releases have been 
divided into four categories: 

• Radiological airborne emissions 
• Nonradiological airborne emissions 
• Radiological liquid effluents 
• Nonradiological liquid effluents. 

4.2.1.5.1 Radiological Airborne Emissions. Under the No Action 
alternative, routine radiological airborne emissions would continue to be 
limited to small quantities of radionuclides as reported in the Hanford Site 
1996 Environmental Report (PNL-11472)*. 

4.2.1.5.2 Nonradiological Airborne Emissions. Under the No Action 
alternative, routine nonradiological airborne emissions would continue to be 
limited to small quantities of materials typically found in a standard 
industrial setting (e .g., solvents, glycols, etc.). 

4.2.1.5.3 Radiological Liquid Effluents. Under the No Action 
alternative, small quantities of wash water could be generated. Excess 
sodium-wetted hardware could be washed and appropriately dispositioned. The 
wastewater (less than 2,000 gallons per year) would be transported to existing 
facilities in the 200 Areas for treatment, storage, and/or disposal. 

4.2.1.5.4 Nonradiological Liquid Effluents. Sanitary and process 
wastewater would continue to be generated from FFTF under the No Action 
alternative. Additionally, routine maintenance liquids (such as spent 
solvents) could be generated, and would be reused, recycled, or disposed of as 
appropriate. Quantities would be similar to that discussed in Section 
4. 1.1.5.4. 

4.2.1.6 Routine Operations: Worker and Public Exposure. Routine exposure to 
personnel and the general public under the No Action alternative would be no 
greater than that projected for the preferred alternative activities. Figure 
4-2 shows the cumulative annual person-rem dose for all FFTF workers who were 
issued dosimeters. This would be equivalent to an average of less than 
5 millirem per year per employee with a dosimeter. This is well below DOE 
guidelines of 5,000 millirem per year for onsite personnel and 100 millirem 
per year to the public which are specified in the Hanford Site Radiological 
Control Manual (HSRCM-1). No latent cancer fatalities would be anticipated. 

* Small quantities of tritium, cesium-137, strontium-90, and 
plutonium-239/240 (alpha emission) were reported. However, extensive routine 
plant contamination surveys are conducted which demonstrate that there is no 
source for the reported alpha emissions. The reported results are most likely 
due to either natural background or measurement uncertainty. 
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1 The 400 Area operating dose contribution to the general public from 1996 
2 Hanford Site operations was approximately 0.0003 person-rem (PNNL-11472) . 
3 FFTF was in standby during this period, which would be representative of the 
4 No Action alternative. 
5 
6 4.2.1.7 Radiological and Hazardous Chemical Impacts During Postulated 
7 Accidents. It is anticipated that radiological and hazardous chemical impacts 
8 during postulated accidents under the No Action alternative would be no 
9 greater than those associated with shutdown of the FFTF (Section 4.3 . 1.7) . In 

10 fact, because there would be limited fuel movement and no sodium drain , the 
11 potential impacts would be substantially less . 
12 
13 4.2.1.8 Labor. It is expected that the present staffing level (approximately 
14 300 personnel) would be maintained under the No Action alternative . 
15 
16 4.2.1.9 Waste Generation. Hazardous materials would be managed, reused, 
17 recycled, or disposed in accordance with applicabl e federal and state 
18 regulations. Radioactive material, radioactively-contaminated equipmerit, and 
19 dangerous waste would be appropriately packaged , stored, and/or disposed at 
20 existing facilities on the Hanford Si te. 
21 
22 4.2.1.9.1 Liquids. The volume of low-level liquid waste currently 
23 generated is approximately 1,000 gallons per year and would represent a 
24 maximum value during continued standby. The radionuclides in the liquid waste 
25 stream are tritium, cesium-137, cesium-134, cobalt-60, manganese-54, and 
26 sodium-22. The liquid waste would be collected in tanks, transferred to a 
27 rail car, and transported to existing facilities in the 200 Areas for 
28 treatment, storage, and/or disposal . Systems and tanks containing low-level 
29 liquid waste are located in areas within FFTF designed to prevent the release 
30 of radioactive liquids to the environment . 
31 
32 It is estimated that no more than 4 cubic yards of dangerous waste would 
33 be generated annually. This estimate is based on average amounts of waste 
34 generated during the years of past reactor operations (1982-1992). Typical 
35 dangerous waste generated at FFTF includes spent solvents, ethylene glycol , 
36 cutting fluids, and paint- related waste. Waste would be reused, recycled, or 
37 appropriately packaged and managed as regulated waste. No mixed waste is 
38 generated at FFTF . 
39 
40 Annual discharges of process and sanitary wastewater (19 million gallons 
41 and 14 million gallons, respectively) were discussed in Section 4.1.1 .5.4 . 
42 
43 4.2.1.9.2 Solids. The average amount of solid low-level waste generated 
44 during FFTF operations (1982- 1992) was approximately 35 cubic yards per year. 
45 During standby, no more than this quantity would be generated. The waste 
46 stream includes compactible and noncompactible solid low-level waste, spent 
47 resin beds from the sodium removal _system ion exchanger, hardware removed from 
48 fuel assemblies during the offload process, and spent non-fueled reactor 
49 components . Solid low-level waste is packaged in the appropriate containers 
50 or burial casks, and sent to the 200 Areas Low-Level Burial Grounds for 
51 disposal. 
52 
53 4.2.1.10 Costs. The No Action alternative is projected to require funding 
54 levels of approximately $37 million (fiscal year 1996 dollars). 
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1 4.2.1.11 Schedule. The FFTF would remain in its current standby state 
2 indefinitely, pending identification of a future mission or a decision by DOE 
3 to proceed with shutdown . 
4 
5 
6 4.2.2 Fuels and Materials Examination Facility 
7 
8 With the No Action alternative, FMEF would continue to pursue a mission 
9 for the facility, which is currently used primarily as office space for 

10 Hanford Site engineers and administrative staff, and for nonradioactive 
11 equipment testing. 
12 
13 It is noted that a Notice of Intent for an EIS has been published for the 
14 disposition of weapons-usable surplus plutonium throughout the DOE Complex. 
15 Per the Notice of Intent, the EIS analyses will include consideration of FMEF 
16 as: (1) a collocated non-pit plutonium conversion and immobilization 
17 facility, (2) a pit disassembly/conversion facility, and (3) a mixed oxide 
18 fuel fabrication facility. It is anticipated that the draft EIS will be 
19 issued early in calendar year 1998. 
20 
21 4.2.2.1 Facility Description. A detailed description of the FMEF is provided 
22 in Section 2.2.2.1 and Appendix 8.1. 
23 
24 4.2.2.2 Site Description. · The FMEF is located in the 400 Area. As discussed 
25 in Appendix D, the 400 Area is an industrialized area isolated from the 
26 general public by fencing and minimal security. No changes in the existing 
27 site would be anticipated under the No Action alternative. 
28 
29 4.2.2.3 Land Use. There would be no additional land use requirements for 
30 FMEF associated with the No Action alternative. 
31 
32 4.2.2.4 Resources. The FMEF would continue to use existing resources (e.g., 
33 electrical, sanitary water) to maintain the facility in its current use as 
34 office space and nonradioactive equipment testing under the No Action 
35 alternative. 
36 
37 4.2.2.5 Routine Releases. FMEF routine releases, under the No Action 
38 alternative, would continue to be those associated with nonradiological 
39 equipment testing and office space. The estimated environmental releases have 
40 been divided into four categories: 
41 
42 • Radiological airborne emissions 
43 • Nonradiological airborne emissions 
44 -• Radiological liquid effluents 
45 • Nonradiological liquid effluents. 
46 
47 4.2.2.5.1 Radiological Airborne Emissions. Under the No Action 
48 alternative, there would be no radiological airborne emissions from FMEF. 
49 
50 - 4.2.2.5.2 Nonradiological Airborne Emissions. Under the No Action 
51 alternative, nonradiological airborne emissions would continue to be 
52 discharged from FMEF. Emissions would be limited to normal heating, 
53 ventilation, and air conditioning discharges generated from an office building 
54 and a nonradioactive equipment testing facility. 
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1 4.2.2.5.3 Radiological Liquid Effluents. Under the No Action 
2 alternative, there would be no radiological liquid effluents from FMEF. 
3 
4 4.2.2.5.4 Nonradiological Liquid Effluents. · Under the No Action 
5 alternative, nonradiological liquid effluents, in the form of sanitary and 
6 process wastewater, would continue to be discharged from ,FMEF. No 
7 modifications to the sanitary wastewater discharge system would result under 
8 this alternative. The estimated waste volumes discussed in Section 4.1.1.9 
9 for FFTF include both the FFTF and FMEF . 

10 
11 4.2.2.6 Routine Operations: Worker and Public Exposure. There would be no 
12 radiological exposure to personnel at FMEF under the No Action alternative. 
13 Toxicological hazards, routinely encountered in an office setting would 
14 continue to be present (e.g., toner for photocopiers and janitorial supplies). 
15 
16 There would be no exposure (radiological or t oxicological) to the general 
17 public from activities at FMEF as a result of the No Action alternative. 
18 
19 4.2.2.7 Radiological and Hazardous Chemical Impacts During Postulated 
20 Accidents. Postulated accidents in FMEF under the No Action alternative would 
21 be limited to those encountered in an industrial setting in the private 
22 sector. Common hazards include electrical shock, tripping, and vehicular 
23 traffic. Personnel safety awareness programs, wh i ch mitigate potential 
24 impacts associated with such accidents, are implemented on the Hanford Site. 
25 
26 4.2.2.8 Labor. FMEF labor requirements for the No Action alternative include 
27 janitorial and maintenance personnel . Approximately 30 personnel routinely 
28 provide services to FMEF for maintaining minimal engineering functions and 
29 janitorial activities. 
30 
31 4.2.2.9 Waste Generation. Liquid and solid waste would continue to be 
32 generated at FMEF under the No Action alternative . 
33 
34 4.2~2.9.l Liquids. Liquid waste from FMEF, under the No Action 
35 alternative, would be limited to sanitary wastewater, which is discharged to 
36 the existing Washington Public Power Supply System wastewater treatment 
37 facility and the existing 400 Area drainfield. 
38 
39 4.2.2.9 . 2 Solids. Solid waste from FMEF, under the No Action 
40 alternative, would continue to be generated; waste would be typical of private 
41 sector office waste (e .g. , waste paper, spent copier toner cartridges, and 
42 light fixtures). 
43 
44 4.2.2.10 Costs. Maintaining the FMEF in its current configuration would cost 
45 approximately $1.2 million (fiscal year 1996 dollars) . 
46 
47 4.2.2.11 Schedule. The FMEF would continue, indefinitely, to provide office 
48 space for administrative and professional staff and a location for 
49 nonradioactive equipment testing until a mission is identified . It is 
50 expected that a determination regarding possible use of the facility for 
51 surplus weapons-grade plutonium (DOE Complex-wide) would be forthcoming in 
52 calendar year 1998. 
53 
54 
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1 4.2.3 325 Building 
2 
3 Under the No Action alternative, the 325 Building would continue its 
4 current research and operations mission. 
5 
6 4.2.3.1 Facility Description. A description of the 32~ Building is presented 
7 in Appendix B. 3. 
8 
9 4.2.3.2 Site Description. The 325 Building is located in the 300 Area of the 

10 Hanford Site. The site description for the 325 Building is provided in 
11 Section 4. 1. 7. 2. 
12 
13 4.2.3.3 Land Use. Under the No Action alternative, research activities that 
14 are not associated with the production of medical isotopes would continue 
15 within the 325 Building (refer to Section 2.2.7) . As a result, the 
16 325 Building would remain an active facility serving the research needs of the 
17 Hanford Site and other DOE programs. No change in land use at or near the 
18 325 Building would be anticipated to occur under the No Action alternative. 
19 
20 4.2.3.4 Resources. The 325 Building would continue to use resources (i.e., 
21 electrical, water) at about the current level under the No Action alternative. 
22 
23 4.2.3.5 Routine Releases. The following sections discuss the routine 
24 releases of radiological and nonradiological materials from the 325 Building 
25 through airborne and liquid effluent pathways. Under the No Action 
26 alternative, routine releases would continue at approximately the same rate as 
27 during previous years. The estimated environmental releases have been divided 
28 into four categories: 
29 
30 • Radiological airborne emissions 
31 • Nonradiological airborne emissions 
32 • Radiological liquid effluents 
33 • Nonradiological liquid effluents. 
34 
35 4.2.3.5.1 Radiological Airborne Emissions. Airborne and gaseous 
36 radioactive material that is exhausted routinely to the atmosphere could be 
37 considered to be waste. The control and monitoring of airborne releases are 
38 addressed in the facility effluent monitoring plan. Some· operations could be 
39 conducted that would result in some radioactive noble gases being released . 
40 Some operations could release radioactive halogens, only 95 percent of which 
41 could be assumed to be trapped in the charcoal absorbers that are required by 
42 federa 1 and state regulations. 
43 
44 Control features ensure that emissions do not exceed the concentration 
45 guides specified in DOE Order 5400.5, 40 CFR 61, and PNL-MA-8 for uncontrolled 
46 areas and maintain the emission as far below these guides as is reasonably 
47 achievable. The effluent stream in the exhaust stack is monitored and/or 
48 sampled to determine releases of alpha- and beta-emitting radionuclides, 
49 iodine-131, and tritium, as required by federal and state regulations . 
50 
51 The average annual radiological emissions are summarized in Table 4-31. 
52 The emissions noted are substantially below the allowable release limits for 
53 these radioisotopes. 
54 
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1 4.2.3.5.2 Nonradiological Airborne Emissions. Nonradioactive 
2 constituents of ai rborne and gaseous waste are controlled by administrative 
3 procedures to meet federal, state, and local requirements. 
4 
5 4.2.3.5.3 Radiological Liquid Effluents. The 325 Building has three 
6 drainage systems to handle liquid waste: the sanitary sewer, retention 
7 process sewer, and radioactive liquid waste sewer. In the 325 Building, 
8 radiological liquids are processed through the radioactive liquid waste sewer 
9 and the retention process sewer. · A discharge line connects the dangerous 

10 waste treatment unit to the radioactive liquid waste system. The radioactive 
11 liquid waste exits the 325 Building at two locations to join the 300 Area 
12 radioactive liquid waste system outside the building. The waste is routed to 
13 the 340 Building and from there the waste is transferred to the 200 Areas. 
14 Under 2,500 liters of liquid low-level and mixed waste are generated per year. 
15 
16 4.2.3.5.4 Nonradiological Liquid Effluents. The sanitary sewer system 
17 serves the restrooms, change rooms, and lunchroom areas, which have a low 
18 probability of becoming contaminated. The sanitary -waste is discharged into 
19 the sanitary sewer system in the 300 Area. On the order of 300,000 gallons of 
20 effluent material are discharged to the sanitary sewer each year. About 
21 600,000 gallons of effluent material are discharged to the process sewer each 
22 year. 
23 
24 4.2.3.6 Routine Operations: Worker and Public Exposure. Continuing 
25 improvements to safety programs and upgrading of building systems have reduced 
26 occupational exposure to radiation and hazardous materials and the numbers and 
27 severity of adverse events. Under normal conditions, research activities are 
28 not expected to (and experience has shown do not) release substantial 
29 quantities of radioactive gases or effluents to the environment. For the 
30 period from January 1994 to mid-1997, only eight individuals had approval to 
31 receive whole body doses in excess of 500 millirem. For the same time period, 
32 no personnel received whole body doses in excess of 1,000 millirem. In 
33 addition, the collective whole body dose for the Materials and Chemical 
34 Sciences Directorate (the primary organization in the 325 Building during 
35 1994) dropped from 15 person-rem in 1992 to 6 person-rem in 1994 (the worker 
36 population remained relatively constant during this period). 
37 
38 Under the No-Action alternative, work within the 325 Building would 
39 continue in much the same manner and at the same rate as over the past few 
40 years. Comparable or slightly lower levels of personnel exposure would be 
41 expected. 
42 
43 4.2.3.7 Radiological and Hazardous Chemical Impacts During Postulated 
44 Accidents. The accident analysis for the 325 Building includes identification 
45 of a set of potential accidents that could occur and, from that set of 
46 accidents; the development of bounding or design-basis accidents for the 
47 facility. The intent is to identify a comprehensive set of accident scenarios 
48 that adequately characterize the r1sks of operating the facility and that 
49 would effectively define the facility's operating limits . A summary of the 
50 325 Building accident analyses is presented in Table 4-32 . Under the No 
51 Action alternative, the likelihood and consequences of an accident would 
52 remain about the same as outlined in Table 4-32 . It should be noted that 
53 accidents involving releases of hazardous chemicals do not need to be 
54 evaluated for chemicals present in quantities less than the threshold 
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1 quantities defined in 29 CFR 1910.119. Under the No Action alternative, 
2 hazardous chemical inventories would be maintained below threshold quantities. 
3 
4 4.2.3.8 Labor. Under the No Action alternative, labor requirements at the 
5 325 Building would remain comparable to recent levels. The building's 
6 workforce would be approximately 100 to 200 people . 
7 
8 4.2.3.9 Waste Generation. Under the No Action alternative, liquid and solid 
9 waste generation at the 325 Building would be comparable to recent levels. 

10 
11 4.2.3.9.1 Liquids. Under the No Action alternative , liquid waste 
12 generation at the 325 Building would be comparable to recent levels and would 
13 be managed as described in Section 4. 1.4.9.1 . In recent years, the average 
14 annual volume of liquid wastes generated in the 325 Building is just under 
15 3, 000 liters (consisting of about 1,500 liters of mixed waste, less than 
16 1, 000 liters of low- level waste , and about 500 liters of dangerous waste). 
17 
18 4.2.3.9.2 Solids. Under the No Action alternative, solid waste 
19 generation at the 325 Building would be comparable to recent levels. All 
20 solid waste from contaminated and potentially contaminated areas is packaged 
21 and transferred onsite for storage and/or disposal. The 325 Building's 
22 low-level solid waste is compacted before being packaged and transferred. In 
23 recent years, the average annual volume of solid wastes generated in the 
24 325 Building is 1,300 cubic feet (consisting of about 300 cubic feet of mixed 
25 waste, 900 cubic feet of low-level waste, and 100 cubic f~et of dangerous 
26 waste). 
27 
28 4.2.3.10 Costs. Under the No Action alternative, the costs for operating the 
29 325 Building would be comparable to recent levels. No additional costs would 
30 be incurred under this alternative. The building maintenance budget would be 
31 about half a million dollars per year. About 10 million dollars of project 
32 work would be performed in the building each year. 
33 
34 4.2.3.11 Schedule. The schedule for other projects to be conducted at the 
35 325 Building would not be impacted under the No-Action Standby alternative. 
36 
37 
38 4.2.4 306-E Building 
39 
40 Under the No Action alternative , the 306-E Building would continue its 
41 current mission to support the design and fabrication of nonradioactive 
42 equipment for the Hanford Site and other DOE applications . 
43 
44 4.2.4.1 Facility Description. A description of the 306- E Building is 
45 presented in Appendix B.2. 
46 
47 4.2.4 . 2 Site Description. The 306- E Building is located in the 300 Area of 
48 the Hanford Site . The site description for the 306-E Building is provided in 
49 Appendix B.2 . 
50 
51 4.2.4.3 Land Use. Under the No Action _ alternative, the 306-E Building would 
52 remain an active facility. No change in land use at or near the 
53 306-E Building would be anticipated to occur under the No Action alternative. 
54 
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1 4.2.4.4 Resources. The 306-E Building would use resources (i . e., electrical, 
2 water) at levels that would vary depending on the number and nature of the 
3 projects that could be conducted under the No Action alternative. The 
4 consumption of electricity and water to support building operations has been 
5 low and the usage of these resources i s not separately metered (it is metered 
6 in conjunction with a number of other buildings that consume only a small 
7 percentage of the resources used to support 300 Area operations). 
8 
9 4.2.4.5 Routine Releases. 306- E Building releases , under the No Action 

10 alternative, would continue to be associated with the design and fabrication 
11 of nonradiological equipment. Operations at the 306-E Building are not 
12 associated with routine atmospheric emissions (the building does not have an 
13 active permit for atmospheric emissions). The estimated environmental 
14 releases have been divided into four categories: 
15 
16 • Radiological airborne emissions 
17 • Nonradiological airborne emissions 
18 • Radiological liquid effluents 
19 • Nonradiological liquid effluents . 
20 
21 4.2.4.5.1 Radiological Airborne Emissions. Under the No Action 
22 alternative, there would be no radiological airborne emissions from the 
23 306-E Building. 
24 
25 4.2.4.5.2 Nonradiological Airborne Emissions. Under the No Action 
26 alternative, there would be no nonradiological airborne emissions from the 
27 306-E Building . 
28 
29 4.2~4.5 .3 Radiological Liquid Effluents. Under the No Action 
30 alternative, there would be no radiological liquid effluents from the 
31 306-E Building. 
32 
33 4.2.4.5.4 Nonradiological Liquid Effluents. Under the No Action 
34 alternative, sanitary waste is discharged into the sanitary sewer system in 
35 the 300 Area . 
36 
37 4.2.4.6 Routine Operations: Worker and Public Exposure. Under the No Action 
38 alternative, with no radiological inventory within the b~ilding , there would 
39 be no radiological exposure to workers and the public from activities within 
40 the 306-E Bu i lding . 
41 
42 4.2.4.7 Radiological and Hazardous Chemical Impacts During Postulated 
43 Accidents. The accident analysis for past activities within the 
44 306-E Building is presented in building safety studies. Because of the 
45 limited nature of other activities currently being conducted within the 
46 306- E Building, the No Action alternative does not involve any radiological 
47 accidents or credible hazardous chemical accidents . 
48 
49 4.2.4.8 Labor. Under the No Action alternative, labor requirements at the 
50 306-E Building would remain at current levels . About 20 to 35 people would 
51 work in the building's offices and fabrication areas. 
52 
53 4.2.4.9 Waste Generation. Under the No Action al t ernative, liquid and solid 
54 waste generation at the 306-E Building would be comparable to recent levels. 
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4.2.4.9.1 Liquids. Under the No Action alternative, liquid waste 
generation at the 306-E Building would be comparable to recent levels and 
would be managed as described in Section 4.1.4.9.1. On average, less than 
10 gallons of liquid wastes are generated per year. 

4.2.4.9.2 Solids. 
generation at the 306-E 
solid waste is packaged 
On average, about three 
in 55-gallon drums) are 

Under the No Action alternative, solid waste 
Building would be comparable to recent levels. All 
and transferred onsite for storage and/or disposal. 
to five shipments of solid waste materials (packaged 
required per year. 

4.2.4.10 Costs. Under the No-Action alternative, the costs for operating the 
306-E Building would be comparable to recent levels (about $700,000 per year). 
The value of projects conducted in the building each year is currently on the 
order of 10 million dollars. 

4.2.4.11 Schedule. The schedule for other projects to be conducted at the 
306-E Building would not be impacted under the No Action alternative. 

4.3 FAST FLUX TEST FACILITY SHUTDOWN ALTERNATIVE 

The FFTF Shutdown alternative would involve four facilities: FFTF, FMEF, 
306-E Building, and the 325 Building. For the FFTF Shutdown alternative, it 
is assumed that shutdown activities (as discussed in DOE/EA-0993) would 
resume. The FMEF would continue to be used for office space and 
nonradioactive equipment testing. The 306-E and 325 Buildings would continue 
current research and operation missions. 

4.3.1 Fast Flux Test Facility Shutdown Alternative 

The Environmental Assessment: Shutdown of the Fast Flux Test Facility, 
Hanford Site, Richland, Washington (DOE/EA-0993) provided analyses of the 
potential environmental impacts associated with shutdown of the FFTF. These 
analyses are incorporated by reference, and summarized briefly in the 
following sections. 

4.3.1.1 Facility Description. A detailed description of the FFTF, as 
currently designed and constructed, is provided in Section 2.2.1.1. Under the 
FFTF Shutdown alternative, the facility would be taken to a radiologically and 
industrially safe shutdown state. This would be accomplished by removing 
fuel, draining and de-energizing the systems, removing designated radioactive 
and hazardous materials, and other actions necessary to attain an appropriate 
surveillance and maintenance mode. 

4.3.1.2 Site Description. The FFTF is located in the 400 Area, an 
industrialized area isolated from the general public by fencing and minimal 
security. No changes in the existing site would be anticipated under the FFTF 
No Action alternative. 

4.3.1.3 Land Use. A sodium reaction facility would be constructed adjacent 
to the Sodium Storage Facility. No undeveloped land would be disturbed by 
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1 these proposed activities. Minor modifications to the existing 400 Area for 
2 access/lay down areas also might be conducted in previously disturbed areas. 
3 
4 It is noted that historical reviews would be necessary before shutdown of 
5 the FFTF. Five buildings associated with FFTF are being considered for 
6 listing on the National Registry of Historical Places : 436 Training Building, 
7 4710 Operations Support Building, 4703 Control Building, 405 Reactor 
8 Containment, and 4621-W Auxiliary West Building. 
9 

10 4.3.1.4 Resources. Under the FFTF Shutdown alternative, small amounts of 
11 equipment and materials (e.g., steel for piping), and utilities (e.g., water, 
12 electrical) would represent a minor commitment of nonrenewable resources . As 
13 systems are deactivated, there would be a general decrease in resource usage . 
14 
15 4.3.1.5 Routine Releases. Routine radiological and nonradiological releases 
16 are discussed in the following sections. 
17 
18 4.3.1.5.1 Radiological Airborne Emissions. Radioactive airborne 
19 emissions resulting from the FFTF Shutdown alternative would be limited . 
20 Emissions would be in compliance with DOE and the Washington State Department 
21 of Health guidelines and regulations that are in force at the time. Emissions 
22 would result from the processing of reactor coolant and other deactivation 
23 activities. Contaminants subject to airborne emission include tritium, 
24 cesium-137, and argon-41. 
25 
26 4.3.1.5.2 Nonradiological Airborne Emissions. Minor amounts of 
27 nonradiological airborne emissions could be released under the FFTF Shutdown 
28 alternative. The emissions could include small amounts of solvents, glycols, 
29 asbestos, and polychlorinated biphenyls (contained in electrical 
30 transformers), which could be removed or stabilized during shutdown 
31 activities . 
32 
33 4.3.1.5.3 Radiological Liquid Effluents. Radiological liquid effluents, 
34 under the FFTF Shutdown alternative, would be limited to slightly contaminated 
35 water (less than 2,000 gallons) from washing residual sodium off of the 
36 remaining fuel . . The water would be transported, via rail or truck, to 
37 existing facilities on the Hanford Site for treatment, storage, and/or 
38 disposal. 
39 
40 4.3.1.5.4 Nonradiological Liquid Effluents. Under the FFTF Shutdown 
41 alternative, nonradiological liquid effluents, in the form of sanitary and 
42 process wastewater; would continue to be discharged. No modifications to the 
43 sanitary wastewater discharge system would result under this alternative. The 
44 estimated waste volumes discussed in Section 4.1.1.5.4 include both FFTF and 
45 FMEF and would be similar under this alternative. 
46 
47 4.3.1.6 Routine Operations: Worker and Public Exposure. Under the FFTF 
48 Shutdown alternative, it is estimated personnel exposure would be well below 
49 DOE guidelines of 5,000 millirem per year for onsite workers and 100 millirem 
50 per year to the public (HSRCM-1). No latent cancer fatalities would be 
51 anticipated. 
52 
53 4.3.1.7 Radiological and Hazardous -Chemical Impacts During Postulated 
54 Accidents~ Under the FFTF No Action Alternative, the accident scenarios that 
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1 were analyzed previously (DOE/EA-0993) were related to fuel offload, and 
2 sodium drain, storage, and reaction. 
3 
4 Based on potential radiological releases, no latent cancer fatalities 
5 resulted from postulated fuel offload accident scenarios. Similarly, no 
6 latent cancer fatalities resulted from postulated sodium ,handling accidents. 
7 Reasonably foreseeable nonradiological accident scenarios, limited to those 
8 associated with most routine industrial activities, were not considered to 
9 pose unnecessary or unacceptable risks to personnel and the general public. 

10 
11 As described in DOE/EA-0993, the maximum reasonably foreseeable accident 
12 was postulated to be a large sodium leak followed by a fire ~ Such an event 
13 would result in a large, visible, highly-irritating white cloud of sodium 
14 hydroxide. 
15 
16 The calculated radiological consequences of this accident scenario 
17 resulted in no latent cancer fatalities. Of greater impact was the 
18 toxicological consequences of the sodium hydroxide plume. The onsite sodium 
19 hydroxide concentration was calculated to be approximately 166 milligrams per 
20 cubic meter, while the sodium hydroxide concentration at the site boundary was 
21 calculated to be approximately 0.05 milligram per cubic meter. 
22 
23 The 166 milligrams of sodium hydroxide per cubic meter (calculated onsite 
24 consequences) fall above the 100 milligrams of sodium hydroxide per cubic 
25 meter guideline for an extremely unlikely event (probability of 10 E-04 to 
26 10 E-06; HNF-PR0-514). However, personnel working near sodium facilities 
27 would be well aware of the hazards and response procedures, would immediately 
28 evacuate and remain clear of any white plume of smoke coming from a sodium 
29 facility. Therefore, the exposure to the onsite worker would be expected to 
30 be minimal. The calculated offsite consequences (i.e., 0.05 milligrams of 
31 sodium hydroxide per cubic meter) are well below the applicable guidelines for 
32 even an anticipated (probability 1 to 10 E-02) event (2 milligrams of sodium 
33 hydroxide per cubic meter; HNF-PR0-514). 
34 
35 4.3.1.8 Labor. Current staffing levels at FFTF would be reduced in concert 
36 with the shutdown activities under the FFTF Shutdown alternative. 
37 
38 4.3.1 . 9 Waste Generation. Liquid and solid waste would be managed and 
39 reused, recycled, or disposed in accordance with applicable federal and state 
40 regulations . Radioactive material, radioactively-contaminated equipment, and 
41 dangerous waste would be appropriately packaged, stored, and disposed at 
42 existing facilities on the Hanford Site. 
43 
44 4.3.1.10 Costs. The estimated cost to achieve a long-term surveillance and 
45 maintenance mode for the FFTF from its current status is estimated to be 
46 approximately $175 million (fiscal year 1996 dollars) . 
47 
48 4.3.1.11 Schedule. A detailed schedule for shutdown of the FFTF would be 
49 determined should the FFTF Shutdown alternative be selected. Approximately 
50 6 years (depending on funding) would be required to transition the FFTF from 
51 standby to a long-term surveillance and maintenance mode. 
52 
53 
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1 4.3.2 Fast Flux Test Facility Shutdown Alternative -- Fuels and Materials 
2 Examination Facility 
3 
4 FMEF, under the FFTF Shutdown alternative , would involve continued 
5 pursuit of a mission for the facility, which is currently used primarily as 
6 office space for Hanford Site engineers and administrat l ve staff, and 
7 nonradioactive equipment testing. As a result, the discussion presented in 
8 Section 4.2.2 for the FMEF under the No Action alternative also applies for 
9 the FFTF Shutdown alternative . 

10 
11 
12 4.3.3 Fast Flux Test Facility Shutdown Alternative -- 306-E and 325 Buildings 
13 
14 The 306-E and 325 Buildings, under the FFTF Shutdown alternative, would 
15 continue their current research and operation missions. As a result; the 
16 discussion presented in Sections 4.2.3 and 4.2 .4, under the No Action 
17 alternative also applies for the FFTF Shutdown alternative. 
18 
19 

971121.1649 4-64 

. I 



,0 

~ -N 
0 -~ 
VI 
N 

"Tl ..... 
UJ 
C: 
-s 
CD 

~ 
I ..... 

"Tl 
Ill 
V) 

r+ 

"Tl __, 
C: 
X 

~ 
CD 
V) 

r+ 

"Tl 
Ill 
n 

"Tl ..... 
~ 

__, 
I ..... ..... r+ 

~ 

""C 
CD 
-s 
3 ..... 
r+ 
r+ 
CD 
0. 

""C 
0 ..... 
:::::s 
r+ 
V) 

0 
-t, 

l'T'I 
3 ..... 
V) 
V) ..... 
0 
:::::s 

Stack No. FFTF-HR-TR 
HTS-S Exhaust 

Closed-Loop Elevation: 580' 
Dump Heat No routine emissions 

Exchangers ----------- . 

Dump Heat 
Exchangers ........._ 

a;;~-

Control 
Building 

Dump Heat 
Exchangers, 

Stack No. 
FFTF-RE-SB 
RSB Exhaust 
Elevation: 565' 
No routine emissions 

Reactor Containment Building 
Elevation: 659' 
Diameter: 135' 

Dump Heat 
~ Exchangers 

Reactor Service 
Building 

----Roof: 69' x 211 ' 
Elevation: 589' 

;:::::;::::,~:jr-+~~~~:::S::i.,-.::::--_:::::~-- Auxiliary Equipment 

Fuel Storage Facility 
Roof: 103' x 51' 
Elevation: 594' 
NDHX Stack: 610' 
No routine emissions 

Building - East 
Upper Roof: 56' x 56 
Elevation: 589' 

::c 
::z: 
"Tl 

I ..... 
CX) 
l11 
l11 



>INV78 l:137 
A17VN0/1N31N! 3DVd S!Hl 



-0 
~ ... 
N 
0 ... 
~ 
VI 
N 

"Tl 

""" I 
N 

-t, "Tl 
0 .... 
, 1.0 '-

c ..... 
"Tl , 0 
l)J Cl) 

~"""Cl):;:: 
I > ,2 

"Tl N •- w -' • u a: 
~ Q) I 

.0 - C: 
-le 0 
Cl) l)J (.) 0 
v, , en 
,.+ ,.+ ... 

Cl) Q) 

~~ a. 
n'< .... 
-' l)J .... ::, 
,.+ 0. 
'< 

)> 
""C ::, 
Cl) ::, ,c 
V, l)J 
0-' 
::, 
::, ""C 
Cl) Cl) -', 

V, 

~o 
;;;r ::, 
01 

:::0 

3 -

2 -

1 

0 

~ Cl) 
Cl) 3 , n3 15 

Q) Cl) c::, 
0 

...... V, 
V, Cl) 
V, 

Crl"l 
Cl) .0 
0.C .... 
c::, < 
0 l)J 
V, -' 
.... Cl) 

3 ::, 
Cl) ,.+ 
,.+ 
Cl) , 
V, 

_g? ~ 10 uw 
Q) a: = I oc 
(.) 0 

~ 
Q) 

a.. 

5 

0 

Quarterly Person-REM Dose Equivalent 

0.26 Person-Rem/Qtr 

12341234123412341234123412341234123412341234123 123 
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

Annual Person-REM Dose Equivalent 

1.06 Person-Rem/Year 

1.09 1 .21 1.13 1.05 0.91 0.65 0.52 0.46 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

:I: 
:z 
"Tl 
I ...... 

co 
(.11 
(.11 



)!N'rf!81:J37 
A 77VNO!JN3JN/ 3DVd Sf HJ 



971120 . 1452 

HNF-1855, Draft B 

( r.,.. Matorlals ( Iqot, ) ( lrndiotd Tqou 1 

I I 0RNL Hanford FITF 325 Bulldlnt TqotMalari,I. 
r.,.ot l'Mricolia r.,..thnualimo ....... -- L.topel\arifi,.tiaa 

Malmckrodt SLLouls,M0 
Medical Airpa.t 

Amersham 
Chlcago,IL 

Mecllphyslcs 
Airp•rt 

DuPont-Merck Bolton.MA 
/,Qo.t 

Figure 4-3. 

I ( 

---
Trt-OIJes, WA 

Airpert 

( hrilioU••••• ) -

SolidW-

I 

Hanford 

S.6d Wuh Buriol 
c--.i 

( 

I 

I 
P\arir ... i..1:e,. ) 

-- Truck Trans 

AlrTnmspo 

port 

rt 

Medical Isotope Transportation. 

F4-3 . 



THIS PAGE INTENTIONALLY 
LEFT BLANK 



HNF-1855, Draft B 

1 Table 4-1. Radionuclide Air Emissions from the Fast Flux Test Facility Complex in 1990. 
2 

3 Release Average Concentration 
4 Release Point (curies/yr)<a) (µCi/cc) 

Tritium Argon-41 Cesium-137 Tritium Argon-41 Cesium-137 

5 FFTF 2.9E+OO 2.9E+0l 4.8E-07 8.5E-09 8.5E-08 l.4E-15 
6 Combined 
7 Exhaust 
8 
9 FFTF Reactor (a) (a) 5.6E-06 (a) (a) 3.3E-14 

10 Service 
11 Building 
12 
13 FFTF Heat (a) (a) 5.6E-06 (a) (a) l.8E-15 
14 Transport 
15 System-South 

. 16 
17 <•> Amounts that are below measurement thresholds. 

18 
19 
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Table 4-2. Population Doses from 1990 Hanford Operations. 

Operating Area Contribution 
Doses, person-rem<a) 

100 200 300 400 
Effluent Pathway Areas Areas Area Area 

Air External Cb) 4 X 10-4 0.002 6 X 10-7 0.008 
Inhalation 4 X 10-4 0.1 0.004 3 X lQ-4 

· Foods(c) 3 X 10-4 1.3 8 X 10-4 0.002 

Water External Cd) 3 X 10-4 4 X 10-7 1 X 10-6 (e) 
Foods<t) 0.006 0.003 .2 X 10-4 
Fish(g) 0.003 1 X 10-4 8 X 10-5 

Drinking Water 0.01 0.1 6 X 10-4 

Total 0.02 2 0.006 0.01 

(a) To convert these dose values to Sv, divide them by 100. 

(b) Includes air submersion and exposure to ground-deposited radionuclides. 

(c} Includes consumption of all foodstuffs contaminated via deposition from the air. 

20 (cl} External exposure during river recreation. 
21 
22 (e) There are no releases to the river from the 400 Area. 
23 

Pathway 
Total 

0.01 
0.1 
1.3 

3 X 10-4 
0.009 
0.003 
0.1 

2 

2 4 (I) Includes consumption of all foodstuffs contaminated via irrigation water and external exposure to ground 
2 5 contaminated via irrigation. 
26 
2 7 (g) Consumption of fish taken from the Columbia River. 

28 

971120.1751 T4-2 
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HNF~1855, Draft B 

1 
2 

Table 4-3. Comparison of FSAR and Reference Core Calculated Accident Results. 

3 Event 

4 Slow Reactivity Insertion 
5 (0.05 % Power/S) 

6 Design Basis Transient 
7 Overpower ($3/s) 

8 Continuous Flow Reduction 
9 (first Reactor Shutdown 

10 System trip) 

11 Continuous Flow Reduction 
12 (backup PPS trip) 

13 Unprotected Transient 
14 Overpower (UROP) 

15 Unprotected Loss of Flow 
16 (ULOF) 

17 Loss of Decay Heat Removal 

18 

FSAR Result 

0.28 % strain 

0.13 % strain 

1520°F(a) 

1595°F(a) 

Failure of a Few 
Assemblies 

Whole Core 
Meltdown, Energetics 

(c) 

Reference Core 
Result 

0.31 % 

0.06% 

1500°F 

1556°F 

Failure of a Few 
Assemblies 

270°F Margin to 
Sodium Boiling, 

No Meltdown 

Whole Core 
Meltdown, 
Energetics 

Limit 

0.4 % strain 

0.4% strain 

1490°F 

1584°F 

(b) 

(b) 

(d) 

19 (a) Additional analyses demonstrated that cladding strain limits were met even thought temperature limits were 
20 slightly exceeded. 
21 
2 2 (b) No specific limits applied but reactor vessel, primary heat transport system and containment boundaries remain 
23 intact. Radiological consequences of UTOP bounded by ULOF and/or Loss of Decay Heat Removal. 
24 
25 (c) Not analyzed. Considered to be bounded by Unprotected Loss of Flow. 
26 
2 7 (cl) No specific limits applied but reactor vessel, primary heat transport system and containment boundaries remain 
28 intact. Radiological consequences are within the guidelines of 10 CFR 100. 

29 

971120 .1751 T4-3 
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HNF-1855, Draft B 

1 Table 4-4. Hypothetical Core Disruptive Accident Doses 
2 and Toxic Concentrations. 
3 

4 
Radiological Sodium 

Hydroxide 
Concentration 

5 Receptor Dose (rem) Dose (Sv) (mg/m3) 

6 Location 

7 2400 meters 1.4E+ 1 1.4E-2 4.2E-3 
8 (1.5 miles) 

9 7200 meters 6.0E-1 3.9E-3 6. lE-4 
10 E 
11 (4.5 miles) 

12 Site 8.9E-1 8.9E-3 9.2E-4 
13 Boundary 

14 Population 1.9E+3 1.9E+ 1 (a) 
15 Within 50 person-rem person-Sv 
16 Miles 
17 
18 (a) Not applicable. 

971120.1751 T4-4 
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'° :::! ... 

1 Table 4-5. Fast Flux Test Facility Ex-Reactor Accident Impacts. N 

? ... 2 
~ ... Maximum Offsite 

Individual at 8.7 
3 Worker at 100m Kilometers Population to 50 mi 

Accident 
Frequency 

Range Dose Cancer Cancer Dose Cancer 
4 Accident (per year) (rem) Fatality• Dose (rem) Fatality• (person rem) Fatality• 
5 Seismic event (DBE) during fuel or 104 to 10-6 

6 target assembly transfer 
7 Fuel (lY 1.4E+0 5.6E-4 2. lE-2 1. lE-5 50 2.5E-2 
8 Tritium (l)c 2.3E-1 9.2E-5 3.5E-5 1.8E-6 8.1 4. lE-3 
9 lsotopeb (lY 6. lE+l 2.4E-2 9. lE-1 4.6E-4 1300 6.5E-l 

10 Drop of the Solid Waste Cask 10-2 to 104 

11 Fuel (7)c 3.0E-2 1.2E-5 4.6E-4 2.3E-7 1.1 5.5E-4 
12 Tritium (6Y 1.4E+0 5.6E-4 2. lE-2 1. lE-5 49 2.5E-2 
13 Tritium (19Y 4.4E+0 1.8E-3 6.6E-2 3.3E-6 160 8.0E-2 

:i: 
:z 

14 Drop of Core Component Container 10-2 to 104 "T1 
I 

15 from the Solid Waste Cask 
...... 
co 

-l 16 Tritium (6)c 1.4E+0 5.6E-4 2.lE-2 1.1-5 49 2.5E-2 
u, 

~ u, 
I 17 Beyond design basis drop of a 104 to 10-6 

~ 

u, 

18 maximally loaded Interim Storage Cask c:, 
-s 

19 Fuel (7Y 3. lE+0 1.2E-3 2.8E-3 1.4E-6 6.1 3. lE-3 llJ 
-t, 

20 Hypothetical unrestricted release of fuel 10-6 to 10-7 c+ 

21 inventory co 

22 Fuel (7Y 1.9E+2 7.6E-2 1.4E-l 7.0E-5 550 2.8E-l 
23 Large sodium spill (25,000 lb) 104 to 10-6 l.9E+ 1 7.6E-3 1.9E-2 1.0E-5 4.4E+l 2.2E-2 
24 Sodium release from the rapid retrieval 10-6 to 10-7 

25 system during a hypothetical core 8.9E-l 4.SE-4 
26 disruption accident 
27 28 (a) Increased likelihood of cancer fatality. 
29 30 (b) Appendix E.1 provides dose information for the isotopes considered. The highest dose is from the iodine-125 which is reported here. 
31 
32 (c) Refers to the number of assemblies being transferred (maximum source terms used). 
33 
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1 
2 
3 

4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15 
16 
17 
18 

Table 4-6. 

Receptor 
(Direction) 

100 meters 
(N) 

2.4 kilometers 
(S ,N) 

7. 2 kilometers 
(E) 

8. 7 kilometers 
(S) 

Population 
(SSE) 

HNF-1855, Draft B 

Comparison of Doses to Risk Guidelines for Seismic Event During Fuel or 
Target Assembly Transfer. 

Doses, mSv (rem) 

Fuel Assembly Tritium Target Medical Isotope Risk Guideline 
Target mSv (rem) 

l.4E+ 1 2.3E+0 6.1E+2 1000 
(l.4E+0) (2.3E-1) (6. lE+l) (100) 

9.8E-1 l.6E-1 4.2E+ I (a) 
(9.8E-2) (l.6E-2) (4.2E'+0) 

l.4E-l 2.3E-2 6.IE+0 250 
(l.4E-2) (2.3E-3) (6. lE-1) (25) 

2.lE-1 3.5E-2 9.lE+0 250 
(2.lE-2) (3 .5E-3) (9. lE-1) (25) 

0.50 per-Sv 0.081 per-Sv 13 per-Sv (a) 
(50 per-rem) (8.1 per-rem) (1300 per-rem) 

19 <a> Note that no risk guidelines are given for the 2.4 kilometers receptor or for population doses. 

20 
21 
22 
23 

971120.1751 T4-6 
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1 
2 
3 

4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15 
16 
17 

Table 4-7. 

Receptor 
(Direction 

100 meters 
(N) 

2.4 kilometers 
(S ,N) 

7 .2 kilometers 
(E) 

8.7 kilometers 
(S) 

Population 
(SSE) 

HNF-1855, Draft B 

Comparison of Doses to Risk Guidelines for Drop of Solid Waste Cask or 
Accident Involving Tritium Target Transportation Cask. 

Doses, mSv (rem) 

Fuel Assemblies Six Tritium 361 Tritium Risk Guidelines 
Targets Target Pins mSv (rem) 

3.0E-1 l.4E+ 1 4.4E+ 1 250 
(3.0E-2) (1.4E+0) (4.4E+0) (25) 

2. IE-2 9.6E-l 3.0E+0 (a) 
(2.IE-3) (9.6E-2) . (3 .0E-1) 

3. IE-3 l.4E-l 4.5E-l 50 
(3. lE-4) (1 .4E-2) (4.5E-2) (5) 

4.6E-3 2.IE-1 6.6E-1 50 
(4.6E-4) (2.IE-2) (6.6E-2) (5) 

0.011 per-Sv 0.49 per-Sv 1.6 per-Sv (a) 
(1. 1 per-rem) (49 per-rem) (160 per-rem) 

18 (II) Note that no risk guidelines are given for the 2.4 kilometer receptor or for population doses. 

19 
20 
21 
22 
23 
24 

971120.1751 T4-7 





HNF-1855, Draft B 

1 Table 4-8. Comparison of Tritium Doses to Risk Guidelines for Drop of Core 
2 Component Container from Solid Waste Cask. 
3 

4 Receptor Doses Doses Risk Guideline 
5 (Direction) mSv (rem) mSv (rem) mSv (rem) 

6 Tritium Targets 19 Tritium 
Targets 

6 100 meters l.4E+ 1 4.4E+ 1 250 
7 (N) (l.4E+0) (4.4E+0) (25) 

8 2.4 kilometers 9.6E-1 3.0E+0 (a) 
9 (S,N) (9.6E-2) (3.0E-1) 

10 7. 2 kilometers l.4E-1 4.5E-1 50 
11 (E) (1.4E-2) (4.5E-2) (5) 

12 8. 7 kilometers 2. lE-1 6.6E-1 50 
13 (S) (2. lE-2) (6.6E-2) (5) 

14 Population 0.49 per-Sv 1.6 per-Sv (a) 
15 (SSE) (49 per-rem (160 per-rem) 
16 
17 (I) Note that no risk guidelines are given for the 2.4 kilometer receptor or for population doses. 

971120.1751 T4-8 
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HNF-1855, Draft B 

1 
2 
3 

Table 4-9. Comparison of Doses to Risk Guidelines for the 
Beyond-Design-Basis Interim Storage Cask Drop. 

4 
5 

6 
7 

8 
9 

10 
11 

12 
13. 

14 
15 
16 

Receptor 
(Direction) 

100 meters 
(N) 

2.4 kilometers 
(S ,N) 

7. 2 kilometers 
(E) 

8. 7 kilometers 
(S) 

Population 
(SSE) 

Doses 
mSv (rem) 

3. lE+l 
(3 . lE+0) 

l.6E-l 
(1.6E-2) 

2.0E-2 
(2.0E-3) 

2.8E-2 
(2.8E-3) 

0.061 per-Sv 
(6.1 per-rem) 

l 7 <ll Note that no risk guidelines arc given for the 2.4 kilometer receptor or for population doses. 

18 
19 
20 
21 
22 

971120.1751 T4-9 

Risk Guideline 
mSv (rem) 

1000 
(100) 

(a) 

250 
(25) 

250 
(25) 

(a) 





HNF-1855, Draft B 

1 Table 4-10. Doses for the Hypothetical 
2 Unrestricted Release of Fuel Inventory. 
3 

4 Receptor Doses 
5 (Direction) mSv (rem) 

6 100 meters 1.9E+3 
7 (N) (1.9E+2) 

8 2.4 kilometers 9.8E+0 
9 (S,N) (9.8E-1) 

10 7 .2 kilometers 1.2E+0 
11 (E) (1.2E-1) 

12 8. 7 kilometers 1.4E+0 
13 (SSE) (l.4E-1) 

14 Population 5.5 per-Sv 
15 (SSE) (550 per-rem) 
16 
17 
18 
19 
20 
21 
22 

971120.1751 T4-10 



JINV78 J.:J37 
. A 77VNO!JN3JNJ 3DVd S!HJ 



HNF-1855, Draft B 

1 Table 4-11. Comparison to Risk Guidelines for Large Sodium Spill to an Open Heat 
2 Transport System Cell. 
3 

4 

5 

6 

7 
8 

9 
10 

Onsite 

2400 meters 
(1.5 miles) 

7200 meters E 
(4.5 miles) 

Site Boundary 

Population 
Within 50 

Miles 

Radiological 

Dose (rem) Dose (Sv) 

l.9E+ I l.9E-l 

2.IE-2 2. lE-4 

l.3E-2 l.3E-4 

l.9E-2 l.9E-4 

4.4E+ 1 4.4E-1 
person-rem person-Sv 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

<al Note that no risk guidelines are given for these·receptor locations. 

971120.1751 T4-11 

Rad Risk 
Guideline 

(Sv) 

1.0 
(a) 

(a) 

0.25 

Toxic Risk 
NaOH Cone Guideline 

(mg/m3) (mg/m3) 

2.0 100 

0.16 (a) 

0.022 (a) 

0.032 40 





HNF-1855, Draft B 

1 Table 4-12. Calculated Routine Fuels and Materials Examination Facility 
2 Operational Doses. 
3 

4 

5 
6 
7 

8 
9 

971120.1800 

Individual 

Onsite 

Offsite 

T4-12 

Effective Dose Equivalent 
(rem/yr) 

4E-5 

8E-8 





HNF-1855, Draft B 

1 
2 

Table 4-13. Fuels and Materials Examination Facility Accident Impacts<a). 

3 

4 
5 
6 
7 
8 
9 

Accident 

Criticality 

Explosion and 
Release of 
Mixed Oxide 
Powder 

<ll Refer to Appendix E.2. 

Accident 
Frequency 
Range (per 

year) 

104 to 10-6 

104 to 10-6 

10 
11 
12 
13 
14 
15 
16 
17 

(b) Increased likelihood of cancer fatality . 

971120.1751 

Worker at 100 
Meters 

Dose Cancer 
(rem) Fatality Cb> 

2.5E+l 1.0E-2 

1.4E-2 5.6E-6 

T4-13 

Maximum Offsite 
Individual at 8. 7 

Kilometers Population to 50 miles 

Dose 
Dose Cancer (person Cancer 
(rem) FatalityCb> rem) Fatality Cb> 

1.0E-2 5.0E-6 2.5E+l 1.3E-2 

2.4E-4 1.2E-7 5.7E-1 1.8E-4 
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HNF-1855, Draft B 

1 Table 4-14. Comparison of Doses to Risk Guidelines for Postulated Criticality and Mixed 
2 Oxide Release from the Fuels and Materials Examination Facility. 
3 

4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15 
16 
17 

Receptor 
(Direction) 

100 meters 
(N) 

2.4 kilometers 
(S,N) 

7 .2 kilometers 
(E) 

8. 7 kilometers 
(S) . 

Population 
(SSE) 

Doses, mSv (rem) 

Criticality Mixed Oxide Release 

2.5E+2 1.4E-1 
(2.5E+ 1) (1.4E-2) 

4.6E-1 1. lE-2 
(4.6E-2) (1. lE-3) 

6.9E-2 1.6E-3 
(6.9E-3) (1.6E-4) 

1.0E-1 2.4E-3 
(1.0E-2) (2.4E-4) 

0.25 per-Sv 0.0057 per-Sv 
(25 per-rem) (0.57 per-rem) 

18 (I) Note that no risk guidelines arc given for the 2.4 kilometer receptor or for population doses. 

971120.1801 T4-14 

Risk Guideline 
mSv (rem) 

1000 
(100) 

(a) 

250 
(25) 

250 
(25) 

(a) 
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1 
2 
3 

4 

5 
6 
7 
8 
9 

10 
11 

971120.1801 

HNF-1855, Draft B 

Table 4-15. Examples of Estimated Waste from Routine Fuels and Materials 
Examination Facility Operations. 

Waste Stream Fabrication Use Quantity 

Alcohol Solvent 1 to 10 gal/yr 
Butyl Stearate Fuel Binder (a) 
Sterotex Fuel Binder (a) 
Zinc Stearate Fuel Binder (a) 
Carbowax Fuel Binder (a) 

(a) Total annual consumption (product and waste) from routine operations is approximately 50 kilogram per year. 

T4-15 





1 
2 
3 

4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

HNF-1855, Draft B 

Table 4-16. Cost Analysis for Leading Medical Isotope Candidates for the 
Fast Flux Test Facility<a). 

Product 

Actinium-227 
Thorium-228 
Thorium-229 

Cadmium-109 
Copper-64 
Copper-67 
Gadolinium-153 
lodine-125 
Iodine-131 
Lutetium-177 
Molybdenum-99 
Osmium-194 
Phosphorus-32 
Palladium-103 
Platinum-195m 
Rhenium-186 
Selenium-75 
Samarium-153 
Tin-117m 
Strontium-89 
Tungsten-188 
Xenon-127 

Target Material 

Radium-226 

Cadmium-108 
Zinc-64 
Zinc-67 
Europium-151 or -153 
Xenon-124 
Te-130 
Lutetium-176 
Molybdenum-98 
Osmium-192 
Sulfur-32 
Palladium-I 02 
Platinum-195 
Rhenium-185 
Selenium-74 
Samarium-152 
Tin-116 
Strontium-88 
Tungsten-186 
Xenon-126 

Maximum 
Loading(b> 
(grams) 

40,700 

73,500 
108 
108 
66,000 
1 liter 
121 
198 
116 
100,000 
35.1 
181 
330 
233 
29,000 
40,900 
131 
40,900 
106,000 
1 liter 

Approximate Cost of 
Target Material 
($/gram)<c) 

5,000 

96,000 
4,000 
50,000 
6,500 
83 ,000 (per liter) 
4,500 
230,000 
2,500 
10,000 
2,000 
870,000 
5,500 
10,000 
740,000 
3,000 
7,500 
2,500 
1,500 
160,000 (per liter) 

(I) For many medical isotopes, the cost of the target material is so high (in part because some materials are so rare and others are so hard 
to produce with high purity) that it would not be possible to fill an entire target assembly. One such example involves selenium-74. At 
a price of about $740,000/gram, it would cost about $21 billion to fill a target assembly with just s_elenium-74. At this cost, only a 
small portion of one pin would be filled with this target material. 

(bl Maximum mass of target material that can be placed in a given target assembly. 

(cl These prices do not reflect quantity discount pricing (around 50 % price reduction) that will typically be given for most of these isotopes. 
It also does not reflect possible stable isotope production costs via the Plasma Separation Process, currently slated for ORNL, that will 
significantly reduce the price of some of the more expensive isotopes such as Cd-108, Zn-67, and Pd-102. 

971120.1801 T4-16 





HNF-1855, Draft B 

1 Table 4-17. Medical Isotope Inventories in the 325 Building and Maximum Acute and 
2 Chronic Releases . (sheet 1 of 7) 
3 

Max. Quantity 
of Isotopes Acute Radionuclide Release (Ci/Event) 

Processed at Chronic Release 
Any One Time Irradiation Extremely (Ci per 

4 Isotope (Ci) Vehicle• Anticipated Unlikely Unlikely Processing) 

5 P 32 l.60E+02 R3 8.0E-04 4.8E-02 3.2E+OO 2.4E-07 

6 S 35 3.31E+0l 1.7E-04 9.9E-03 6.6E-01 5.0E-08 

7 P 33 4.05E-01 2.0E-06 l.2E-04 8.lE-03 6.lE-10 

8 
9 P 33 2.00E+02 LIV l.0E-03 6.0E-02 4.0E+OO 3.0E-07 

10 P 32 5.19E+00 2.6E-05 1.6E-03 1.0E-01 7.8E-09 

11 S 35 2.29E+0l l.lE-04 6.9E-03 4.6E-01 3.4E-08 

12 
13 SC 47b 3.98E+0l R3 2.0E-04 l.2E-02 8.0E-01 6.0E-08 

14 SC 46 1.46E-02 7.3E-08 4.4E-06 2.9E-04 2.2E-ll 

15 SC 48b 5.59E-02 2.8E-07 l.7E-05 l.lE-03 8.4E-ll 

16 CA 47b 2.33E-05 1.2E-10 7.0E-09 4.7E-07 3.5E-14 

17 
18 cu 64 2.18E+0l R3 1.lE-04 6.5E-03 4.4E-01 3.3E-08 

19 CU 67b 2.llE-03 1.lE-08 6.3E-07 4.2E-05 3.2E-12 

20 ZN 65 2.47E+00 1.2E-05 7.4E-04 4.9E-02 3.7E-09 

21 
22 CU 67b 8.33E+OO R3 4.2E-05 2.5E-03 1.7E-01 1.3E-08 

23 ZN 65 1.18E-03 5.9E-09 3.5E-07 2.4E-05 1.8E-12 

24 ZN 69 3.64E+OO l.8E-05 1.lE-03 7.3E-02 5.5E-09 

25 ZN 69 l.35E+0l 6.8E-05 4.lE-03 2.7E-01 2.0E-08 

26 
27 SE 75 9.89E+0l LIV 4.9E-04 3.0E-02 2.0E+OO l.5E-07 

28 AS 76 · 4.66E-02 2.3E-07 1.4E-05 9.3E-04 7.0E-11 

29 AS 77b 3.95E-05 2.0E-10 1.2E-08 7.9E-07 5.9E-14 

30 SR 85 4.95E+02 LIV 2.5E-03 l.5E-01 9.9E+OO 7.4E-07 

31 SR 89 6.49E-02 3.2E-07 1.9E-05 1.3E-03 9.7E-ll 

32 SR 90 5.39E-06 2.7E-11 l.6E-09 1.lE-07 8. lE-15 

33 RB 84b 1.30E+OO 6.5E-06 3.9E-04 2.6E-02 1.9E-09 

34 RB 86 3.05E+OO 1.5E-05 9.lE-04 6.lE-02 4.6E-09 

35 KR 85 4.23E-05 4.2E-05 4.2E-05 4.2E-05 6.3E-14 

36 
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Table 4-17. Medical Isotope Inventories in the 325 Building and Maximum Acute and 
Chronic Releases. (sheet 2 of 7) 

· Max. Quantity 
of Isotopes Acute Radionuclide Release (Ci/Event) 

Processed at ' Chronic Release 
Any One Time Irradiation Extremely (Ci per 

Isotope (Ci) Vehicle' Anticipated Unlikely Unlikely Processing) 

1 SR 89 3.94E+02 LIV 2.0E-03 1.2E-01 7.9E+OO 5.9E-07 

2 SR 85 4.60E-03 2.3E-08 1.4E-06 9.2E-05 6.9E-12 

3 SR 90 2.46E-02 1.2E-07 7.4E-06 4.9E-04 3.7E-11 

4 RB 86 5.09E-06 2.5E-11 1.5E-09 1.0E-07 7.6E-15 

5 Y 88b 7.91E-06 4.0E-11 2.4E-09 1.6E-07 1.2E-14 

6 y 90 2.46E-02 1.2E-07 7.4E-06 4.9E-04 3.7E-11 

7 
8 Y 91 9.89E+0l LIV 4.9E-04 3.0E-02 2.0E+OO l.5E-07 

9 y 90 3.23E+OO l.6E-05 9.7E-04 6.5E-02 4.9E-09 

10 ZR 89'> 7.81E-01 3.9E-06 2.3E-04 1.6E-02 1.2E-09 

11 ZR 93 5.84E-04 2.9E-09 l.8E-07 1.2E-05 8.8E-13 

12 ZR 95 2.08E-02 1.0E-07 6.2E-06 4.2E-04 3. IE-11 

13 
14 MO 99 1.20E+04 R3 6.0E-02 3.6E+OO 2.4E+02 1.8E-05 

15 MO 101b 2.04E+OO 1.0E-05 6.IE-04 4.IE-02 3.IE-09 

16 TC 99M 7.58E+03 3.8E-02 2.3E+00 1.5E+02 1. IE-05 

17 TC 99 3.lOE-04 1.5E-09 9.3E-08 6.2E-06 4.6E-13 

18 TC 101 1.47E+0l 7.3E-05 4.4E-03 2.9E-01 2.2E-08 

19 
20 PD 103 . 5.46E+03 R3 2.7E-02 l.6E+OO l.1E+02 8.2E-06 

21 RH 103M 5.47E+03 2.7E-02 1.6E+OO 1.1E+02 8.2E-06 

22 RH 105 8.77E-05 4.4E-10 2.6E-08 1.8E-06 1.3E-13 

23 AG 107Mb 4.82E-05 2.4E-10 1.4E-08 9.6E-07 7.2E-14 

24 
25 CD 109 7.88E+03 LIV 3.9E-02 2.4E+OO 1.6E+02 1.2E-05 

26 CD 107b 1.06E-01 5.3E-07 3.2E-05 2.IE-03 1.6E-10 

27 AG 105b 8.83E-01 4.4E-06 2.6E-04 1.8E-02 1.3E-09 

28 AG 106Mb 3.86E-03 1.9E-08 1.2E-06 7.7E-05 5.8E-12 

29 AG 107Mb l.06E-01 5.3E-07 3.2E-05 2.IE-03 1.6E-10 

30 AG 108Mb 4.27E-02 2. IE-07 1.3E-05 8.SE-04 6.4E-11 

31 AG 108b 3.84E-03 1.9E-08 1.2E-06 7.7E-05 5.8E-12 

32 AGll0M 4.79E+0l 2.4E-04 1.4E-02 9.6E-01 7.2E-08 

33 AGll0 6.70E-01 3.4E-06 2.0E-04 1.3E-02 1.0E-09 

971120.1751 T4-17.2 



>IN'rf!a JJ37 
A77VNO!JN3JNJ 39Vd S!HJ 



HNF-1855, Draft B 

Table 4-17. Medical Isotope Inventories in the 325 Building and Maximum Acute and 
Chronic Releases. (sheet 3 of 7) 

Max. Quantity 
of Isotopes Acute Radionuclide Release (Ci/Event) 

Processed at Chronic Release 
Any One Time Irradiation Extremely (Ci per 

Isotope (Ci) Vehicle• Anticipated Unlikely Unlikely Processing) 

1 AG 111 7.73E-06 3.9E-11 2.3E-09 l.5E-07 l.2E-14 

2 PD 109 l.64E-03 8.2E-09 4.9E-07 3.3E-05 2.5E-12 

3 
4 SN 117M 2.01E+02 R3 l.0E-03 6.0E-02 4.0E+00 3.0E-07 

5 SN 119M l.68E-02 8.4E-08 5.0E-06 3.4E-04 2.5E-11 

6 
7 XE 127b 2.04E+02 LIV 2.0E+02 2.0E+02 2.0E+02 3. lE-07 

8 

9 I 125 8.23E+02 GAS 8.2E+02 2.5E-01 8.2E+02 l.2E-06 

10 I 124b 3.45E-02 3.5E-02 l.0E-05 3.5E-02 5.2E-11 

11 I 126b l.38E+0l l.4E+0l 4.2E-03 l.4E+0l 2.lE-08 

12 XE 125 8.14E+02 8.1E+02 8.1E+02 8.1E+02 l.2E-06 

13 
14 I 131 6.02E+02 R3 6.0E+02 l.8E-01 6.0E+02 9.0E-07 

15 I 129 l.08E-06 l.lE-06 3.2E-10 l.lE-06 1.6E-15 

16 I 130 2.17E+OO 2.2E+OO 6.5E-04 2.2E+OO . 3.3E-09 

17 TE 129M 1.06E+0l 5.3E-05 3.2E-03 2. lE-01 1.6E-08 

18 TE 129 8.76E+0l 4.4E-04 2.6E-02 1.8E+00 1.3E-07 

19 TE 131 6.65E+02 3.3E-03 2.0E-01 1.3E+0l l.0E-06 · 

20 
21 SM 145b 1.01E+02 LIV 5.lE-04 3.0E-02 2.0E+OO 1.5E-07 

22 SM 146b 5.53E-07 2.8E-12 1.7E-10 1.lE-08 8.3E-16 

23 SM 151 1.74E-01 8.7E-07 5.2E-05 3.5E-03 2.6E-10 

24 PM 145b 2.06E+00 l.0E-05 6.2E-04 4. lE-02 3.lE-09 

25 PM 146b l.23E-01 6.2E-07 3.7E-05 2.5E-03 l.9E-10 

26 PM 147 2.76E-03 l.4E-08 8.3E-07 5.5E-05 4.lE-12 

27 PM 148M l.85E-03 9.3E-09 5.6E-07 3.7E-05 2.8E-12 

28 PM 148 4.21E-03 2.lE-08 l.3E-06 8.4E-05 6.3E-12 

29 PM 149 l.49E-03 7.4E-09 4.5E-07 3.0E-05 2.2E-12 

30 ND 147 4.57E-04 2.3E-09 l.4E-07 9.lE-06 6.8E-13 

31 
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Table 4-17. Medical Isotope Inventories in the 325 Building and Maximum Acute and 
Chronic Releases. (sheet 4 of 7) 

Max. Quantity 
of Isotopes Acute Radionuclide Release (Ci/Event) 

Processed at ' Chronic Release 

Any One Time Irradiation Extremely (Ci per 
Isotope (Ci) Vehicle' Anticipated Unlikely Unlikely Processing) 

1 SM 153 7.98E+0l R3 4.0E-04 2.4E-02 1.6E+OO 1.2E-07 

2 SM 151 2.02E-06 1.0E-11 6. lE-10 4.0E-08 3.0E-15 

3 SM 155b 4.06E-04 2.0E-09 1.2E-07 8. lE-06 6. lE-13 

4 SM 156b l .22E-07 6. lE-13 3.7E-ll 2.4E-09 1.8E-16 

5 EU 152M 5.03E-08 2.5E-13 l.5E-l l 1.0E-09 7.5E-17 

6 EU 154Mb l.97E-Ol 9.8E-07 5.9E-05 3.9E-03 2.9E-10 

7 EU 154 3.02E-03 l.5E-08 9.0E-07 6.0E-05 4.5E-12 

8 EU 155 3. 13E-04 l.6E-09 9.4E-08 6.3E-06 4.7E-13 

9 EU 156 8.56E-03 4.3E-08 2 .6E-06 1.7E-04 1.3E-1 l 

10 
11 GD 153 6.15E+03 LIV 3. lE-02 1.8E+OO 1.2E+02 9.2E-06 

12 SM 153 6.37E-05 3.2E-10 1.9E-08 1.3E-06 9.6E-14 

13 EU 152M 2.27E-05 1. lE-10 6.8E-09 4.5E-07 3.4E-14 

14 EU 152 3.33E + 03 1.7E-02 1.0E+OO 6.7E+0l 5.0E-06 

15 EU 154Mb 3.14E-05 1.6E-10 9.4E-09 6.3E-07 4.7E-14 

16 EU 154 1.75E+04 8.8E-02 5.3E+OO 3.5E+02 2.6E-05 

17 EU 155 6.14E+03 3.lE-02 1.8E+OO 1.2E+02 9.2E-06 

18 EU 156 8.26E+04 4. lE-01 2.5E+0l 1.7E+03 1.2E-04 

19 HO 166 3.98E+0l R3 2.0E-04 1.2E-02 8.0E-01 6.0E-08 

20 HO 166M 3.84E-05 1.9E-10 1.2E-08 7.7E-07 5.8E-14 

21 HO 167b 9.66E-03 4.8E-08 2.9E-06 1.9E-04 1.4E-11 

22 ER 167b 9.66E-03 4.SE-08 2.9E-06 1.9E-04 1.4E-11 

23 DY 166b 9.64E-07 4.SE-12 2.9E-10 1.9E-08 1.4E-15 

24 
25 LU 177b 9.82E+OO R3 4.9E-05 2.9E-03 2.0E-01 1.5E-08 

26 LU 176Mb 1.lOE+OO 5.5E-06 3.3E-04 2.2E-02 1.7E-09 

27 LU 177Mb l.OSE-03 5.4E-09 3.2E-07 2.2E-05 1.6E-12 

28 LU 178b 3.24E-04 1.6E-09 9.7E-08 6.5E-06 4.9E-13 

29 LU 179b 5.52E-08 2.SE-13 1.7E-11 1.lE-09 8.3E-17 

30 HF 177Mb 1.42E-03 7. lE-09 4.3E-07 2.SE-05 2.lE-12 

31 HF 178Mb l.90E-05 9.5E-11 5.7E-09 3.SE-07 2.9E-14 

32 HF 179Mb 1.51E-05 7.6E-1 l 4.5E-09 3.0E-07 2.3E-14 

33 
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Table 4-17. Medical Isotope Inventories in the 325 Building and Maximum Acute and 
Chronic Releases. (sheet 5 of 7) 

Max. Quantity 
of Isotopes Acute Radionuclide Release (Ci/Event) 

Processed at Chronic Release 
Any One Time Irradiation Extremely (Ci per 

Isotope (Ci) Vehicle" Anticipated Unlikely Unlikely Processing) 

1 W 188b 3.28E+04 LIV 1.6E-01 9.8E+OO 6.6E+02 4.9E-05 

2 W 181 2.82E-03 1.4E-08 8.4E-07 5.6E-05 4.2E-12 

3 W 185 9.23E+04 4.6E-01 2.8E+0l 1.8E+03 1.4E-04 

4 W 187 1.77E+05 8.8E-01 5.3E+0l 3.5E+03 2.6E-04 

5 TA 182 1.20E-05 6.0E-11 3.6E-09 2.4E-07 1.8E-14 

6 TA 183b 8.04E-05 4.0E-10 2.4E-08 l.6E-06 1.2E-13 

7 RE 186Mb 4.64E-03 2.3E-08 1.4E-06 9.3E-05 7.0E-12 

8 RE 186b 4.80E+03 2.4E-02 1.4E+OO 9.6E+0l 7.2E-06 

9 RE 188Mb 1.64E-06 8.2E-12 4.9E-1~ 3.3E-08 2.5E-15 

10 RE 188b 3.98E+04 2.0E-01 1.2E+0l 8.0E+02 6.0E-05 

11 RE 189b 2.68E+0l 1.3E-04 8.0E-03 5.4E-01 4.0E-08 

12 OS 189Mb 1.8E-04 1.lE-02 7.lE-01 5.3E-08 
13 3.53E+Ol 

14 
15 RE 186b 6.98E+03 R3 3.5E-02 2.lE+OO 1.4E+02 1.0E-05 

16 RE 186Mb 1.71E-03 8.6E-09 5. lE-07 3.4E-05 2.6E-12 

17 RE 188b 4.80E+02 2.4E-03 1.4E-01 9.6E+OO 7.2E-07 

18 RE 189b 9.32E-02 4.7E-07 2.8E-05 1.9E-03 1.4E-10 . 

19 OS 189Mb 4.03E+00 2.0E-05 1.2E-03 8.lE-02 6.0E-09 

20 W 187 3.68E-01 L8E-06 1.lE-04 7.4E-03 5.5E-10 

21 W 188b 1.16E-09 5.8E-15 3.5E-13 2.3E-11 1.7E-18 

22 
23 OS 194b 2.64E+0l LIV 1.3E-04 7.9E-03 5.3E-01 4.0E-08 

24 OS 191Mb 5.01E+02 2.5E-03 1.5E-01 1.0E+0l 7.5E-07 

25 OS 191 3.28E+05 1.6E+OO 9.8E+0l 6.6E+03 4 .9E-04 

26 OS 193b 1.51E+05 7.5E-Ol 4.5E+0l 3.0E+03 2.3E-04 

27 IR 192 1.15E+03 5.7E-03 3.4E-01 2.3E+0l 1.7E-06 

28 IR 193Mb 1.05E+0l 5.3E-05 3.2E-03 2.lE-01 1.6E-08 

29 IR 194Mb 1.47E-03 7.3E-09 4.4E-07 2.9E-05 2.2E-12 

30 IR 194b 2.64E+0l 1.3E-04 7.9E-03 5.3E-01 4.0E~08 

31 
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HNF-1855, Draft B 

Table 4-17. Medical Isotope Inventories in the 325 Building and Maximum Acute and 
Chronic Releases. (sheet 6 of 7) 

Max. Quantity 
of Isotopes Acute Radionuclide Release (Ci/Event) 

Processed at Chronic Release 
Any One Time Irradiation Extremely (Ci per 

Isotope (Ci) Vehicle' Anticipated Unlikely Unlikely Processing) 
1 IR 192 2.00E+06 LIV 1.0E+0l 6.0E+02 4.0E+04 3.0E-03 
2 IR 192Mb 2.75E+0l 1.4E-04 8.3E-03 5.5E-01 4.IE-08 
3 IR 193W 1.62E+04 8. IE-02 4.9E+OO 3.2E+02 2.4E-05 
4 IR 194Mb 6.84E+03 3.4E-02 2.IE+00 1.4E+02 1.0E-05 
5 IR 194b 2.83E+02 1.4E-03 8.5E-02 5.7E+00 4.2E-07 
6 PT 193Mb 2.23E+03 l.lE-02 6.7E-01 4.5E+0l 3.3E-06 
7 PT 193b 2.80E+0l 1.4E-04 8.4E-03 5.6E-01 4.2E-08 
8 PT 195Mb 1.45E+02 7.3E-04 4.4E-02 2.9E+OO 2.2E-07 
9 

10 PT 195Mb 4.46E+OO R3 2.2E-05 1.3E-03 8.9E-02 6.7E-09 
11 PT 193Mb 8.78E+OO 4.4E-05 2.6E-03 1.8E-01 1.3E-08 
12 PT 193b 1.39E-01 6.9E-07 4.2E-05 2.8E-03 2.IE-10 
13 PT 197b 8.63E+0l 4.3E-04 2.6E-02 1.7E+OO 1.3E-07 
14 IR 193Mb l .08E-01 5.4E-07 3.2E-05 2.2E-03 1.6E-10 
15 IR 194Mb l.83E-04 9.2E-10 5.5E-08 3.7E-06 2.7E-13 
16 IR 194b 4.24E-05 2.IE-10 1.3E-08 8.5E-07 6.4E-14 
17 AU 197Mb 8.63E+0l 4.3E-04 2.6E-02 1.7E+OO 1.3E-07 
18 

19 AU 198b l. 81E+02 R3 9.lE-04 5.4E-02 3.6E+00 2.7E-07 

20 AU 196b 2 .14E-02 l. lE-07 6.4E-06 4.3E-04 3.2E-11 

21 AU 198Mb l.33E+02 6.6E-04 4.0E-02 2.7E+00 2.0E-07 

22 AU 199b 3.37E+02 l. 7E-03 l.0E-01 6·. 7E+00 5.lE-07 

23 AU 200Mb l.23E-0l 6.2E-07 3.7E-05 2.5E-03 l.8E-10 

24 AU 200b 4.14E-02 2. lE-07 l. 2E-05 8.3E-04 6.2E-11 

25 PT 197b l.18E-05 5.9E-11 3.5E-09 2.4E-07 l.8E-14 

26 

27 RA 226 2.63E+0l LIV l. 3E-04 7.9E-03 5.3E-0l 3.9E-08 

28 RN 222c 2.63E+0l 2.6E+0l 2.6E+0l 2.6E+0l 3.9E-08 

29 RA 227 1.07E-06 5.3E-12 3.2E-10 2.lE-08 l.6E-15 

30 RA 228 1.45E-02 7.3E-08 4.4E-06 2.9E-04 2.2E-11 

31 RA 229 3.81E-13 l.9E-18 l. lE-16 7.6E-15 5.7E-22 

32 AC 227 2.00E+02 l.0E-03 6.0E-02 4.0E+00 3.0E~07 

33 AC 228 4.52E-02 2.3E-07 l.4E-05 9.0E-04 6.8E-11 
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HNF-1855, Draft B 

Table 4-17. Medical Isotope Inventories in the 325 Building and Maximum Acute and 
Chronic Releases. (sheet 7 of 7) 

Max. Quantity 
of Isotopes Acute Radionuclide Release (Ci/Event) 

Processed at Chronic Release 
Any One Time Irradiation Extremely (Ci per 

Isotope (Ci) Vehicle• Anticipated Unlikely Unlikely Processing) 

AC 229 3.81E-13 1.9E-18 l. lE-16 7.6E-15 5.7E-22 
TH 227 1. 93E+02 9.7E-04 5.8E-02 3.9E+OO 2.9E-07 
RA 223c 1. 93E+02 9.7E-04 5.8E-02 3.9E+OO 2.9E-07 
TH 228 2 .10E+03 1.0E-02 6.3E-01 4.2E+Ol 3.lE-06 
RA 224c 2 .10E+03 1.0E-02 6.3E-01 4.2E+Ol 3. lE-06 
TH 229 1.57E-01 7.8E-07 4.7E-05 3. lE-03 2.3E-10 

a 

b 

C 

R3 = Rapid Radioisotope Retrieval System; LIV= Long Irradiation Vehicle; 
GAS= gas line 

Indicates isotopes that are not in the radionuclide library, and which are 
not included in the calculations. Doses are not reported for medical 
isotope assemblies where the product isotope is not in the software 
radionuclide library. 

Indicates short-lived decay products that are assumed to be in equilibrium 
with parent isotopes at the time of processing. 
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Table 4-18. Estimated Routine Radiological Consequences of Medical Isotope Processing at the 325 Building. 

, Onsite Worker Offsite Resident Population 

300 mNE 1500 mNE 0-50 mi from 300 Area 

3 

4 

5 
6 
7 
8 

Maximum No. Dose to Individual Dose to Individual Collective Dose to Population 
Targets (rem) (rem) (person-rem) 
Processed 

Annua1<•> Isotope Target Annually<•> Per Target Per Target Annuat<•> Per Target Annua1<•> 

9 Ac-227 2 l.9E-08 3.8E-08 3.5E-08 7.0E-08 5.3E-04 1. lE-03 
Cd-109 1 l.9E-ll 1.9E-11 6.7E-ll 6.7E-11 7.6E-07 7.6E-07 . 
Cu-64 50 7.6E-15 3.8E-13 5.9E-14 3.0E-12 6.3E-10 3.2E-08 
Gd-153 1 3.7E-10 3.7E-10 7.8E-10 7.8E-10 6.7E-06 6.7E-06 
Ho-166 50 2.7E-15 1.4E-13 5.3E-15 2.6E-13 7.0E-11 3.5E-09 
1-125 17 6.9E-13 1.2E-11 1.2E-10 2.0E-09 l.2E-06 2.0E-05 
1-131 20 1.0E-12 2.0E-11 5.2E-11 l.0E-09 4.2E-07 8.4E-06 
lr-192 1 5.0E-09 5.0E-09 1. lE-08 1. lE-08 7.9E-05 7.9E-05 
Mo-99 50 8.6E-13 4.3E-11 2.2E-12 l. lE-10 l.9E-08 9.5E-07 
P-32 10 2. lE-14 2.lE-13 5.0E-13 5.0E-12 4.9E-09 4.9E-08 
P-33 3 4.2E-15 1. lE-14 1. lE-13 2.8E-13 l.2E-09 3.0E-09 
Pd-103 10 2.lE-13 2.lE-12 1. lE-12 l. lE-11 l. lE-08 1.lE-07 
Se-75 2 l.6E-13 3.2E-13 6.0E-12 l.2E-ll 7.2E-08 1.4E-07 
Sm-153 50 3.7E-15 1.8E-13 8.0E-15 4.0E-13 9.lE-11 4.6E-09 
Sn-117m 10 3.3E-14 3.3E-13 1. lE-13 1. lE-12 9.0E-10 9.0E-09 
Sr-85 2 5.4E-13 1. lE-12 1. lE-12 2.2E-12 6.6E-09 1.3E-08 
Sr-89 3 4.4E-14 1. lE-13 7.4E-13 1.8E-12 5.9E-09 1.SE-08 
Th-228 2 ,1.9E-08 3.8E-08 3.5E-08 7.0E-08 5.3E-04 1.lE-03 
Th-229 2 1.9E-08 3.8E-08 3.5E-08 7.0E-08 5.3E-04 1. lE-03 
W-188 2 7.8E-12 1.6E-11 6.7E-11 1.3E-10 6.lE-07 l.2E-06 
Y-91 2 9.9E-14 2.0E-13 3.lE-13 6.2E-13 3.5E-09 7.0E-09 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 (I) 
32 

Annual Doses are based on processing up to 3 long irradiation vehicle (LIV) assemblies or up to 50 rapid radioisotope retrieval (R3) assemblies per year. 1-125 is collected from a 
continuous gas loop in a collection device, which is assumed to be processed a maximum of 17 times per year. 
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Accident 

7 Localized Fire and Release of 
8 1-125 or 1-131 
9 

10 Seismic Event or Fire and 
11 Release of 1-125 or 1-131 
12 
13 Loss of Power and Explosion 
14 and Release or Ra-226 
15 

Table 4-19. 

Accident 
Frequency · 

Range 
(per year) 

10·0 to 10-2 

10·2 to -104 

104 to -10-6 

325 Building Maximum Accident Impacts. 

Nearest Public Access 
Worker at 100m at 470 m 

Dose Cancer Cancer 
(rem) Fatality• Dose (rem) Fatality• 

2.1 E+OO 8. E-04 2.4 E-01 1. E-04 

8.1 E+OO 3. E-03 9.6 E-01 5. E-04 

6.5 E+0l 3. E-02 8.0 E+OO 4. E-03 

16 (&) Increased likelihood of cancer fatality (i.e., blowing toward receptor at low speeds with a minimal rate of dilution). 
17 
18 Cb> Appendix E. l provides dose infonnation for the isotopes considered. The highest dose is from the iodine-125 which is reported here. 
19 
20 (<) Refers to the number of assemblies being transferred (maximum source terms used). 

21 

Population to 50 mi 

Dose Cancer 
(person rem) Fatality• 

3.3 E+03 2. E+OO 

1.4 E+04 7. E+00 

4.0 E+04 2. E+0l 
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1 Table 4-20. Impacts to Maximally Exposed Individuals During Tritium Target 
2 Routine Transportation Conditionsa. 
3 

4 

5 

Dose (rem/event) Lifetime Riske 

Receptorb Truck Rail Truck 

6 Workers 

7 Crew member (d) (d) (d) 

8 Inspector 0.0029 0.0029 lxl0-6 

9 Rail inspector NIA 0.0013 NIA 
10 Public 

11 Resident 4.0xl0-7 4.0xl0-7 2x10-10 

12 Person in traffic jam 0.011 0.011 6x10-6 

13 Person at service station 3.lxl0-4 NIA 2x10-7 

14 Resident near rail stop NIA 1.3x10-5 NIA 

(a) 

(b) 

The external dose rate is asswned to be 10 mrern/h at 2 m (6.6 ft) for all shipments. 

Reception asswnptions are described in the text. 

Rail 

(d) 

lxl0-6 

5x10-7 

2x10-10 

6x10-6 

NIA 
7x10-9 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

(c) Lifetime risk of fatal cancer based on ICRP publication 60 (ICRP 1991) health risk conversion factors of 4x10-
4 and 5x10-4 fatal _cancers per person-rem for workers and members of the public, respectively. 

(cl) The DOE administrative control level limits doses to DOE workers to 2 rem/yr. 

971120.1751 T4-20 





HNF-1855, Draft B 

1 Table 4-21. Summary of the Tritium Target Maximum Accident Consequence 
2 Assessment - Population Impacts for Rural, Suburban, and Urban Areas 
3 Under Neutral and Stable Weather Conditions<a>. · 
4 

5 

6 
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

Accident 
Location 

Scenario 1 

Population 
Dose 

(person-rem) 

Health Effects 
(cancer fatalities) 

Neutral Weather 
Conditions<b) 

Scenario 2 

Population Dose 
(person-rem) 

Health Effects 
( cancer fatalities) 

Urban 

Suburban 

Rural 

148 

62 

0.55 

7x10-2 

3x10-2 

3x10-4 

30 

12 

0.11 

lxl0-2 

6x10-3 

6x10-5 

Stable Weather 
Conditions 

Urban 

Suburban 

Rural 

217 

92 

0.80 

lxl0-1 

5x10-2 

4x10-4 

43 

18 

0.16 

2x10-2 

lxl0-2 

8x10-5 

(a) 

(b) 

The consequences presented are for the most severe credible truck accidents, corresponding to a release of 
0.8 % of the total tritium inventory. Populations extend at a uniform population density to a radius of 80 km 
(50 mi) from the accident site. Population exposure pathways include acute inhalation; acute cloudshine; 
groundshine;· resuspended inhalation; resuspended cloudshine; and ingestion of food, including initially 
contaminated food (rural only). No decontamination or mitigative actions are taken. 

Neutral weather conditions result in moderate dispersion and dilution of the released plume. Neutral conditions 
were taken to be Pasquill stability Class D with a wind speed of 4 mis (9 rni/h) . Neutral conditions occur 
approximately 50 percent of the time in the United States. 

971 120.1751 T4-21 
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HNF-1855, Draft B 

1 Table 4-22. Summary of Annual Tritium Target Shipment Information 
2 
3 

and Collective Population Impacts. 

4 Truck Shipments Rail Shipments 

5 Parameter Scenario 1 Scenario 2 Scenario 1 Scenario 2 

6 Shipment summary 

7 Annual Number of Cask 4 18 4 18 
8 Shipment 

9 H-3 Inventory (Ci/shipment) 10 MCi 2 MCi 10 MCi 2MCi 

10 Route distance (one-way mi) 2,728 2,728 2,954 2,954 

11 Total Mileage (one-way mi/yr) 10,900 49,100 11,800 53,200 

12 Population impacts 

13 Cargo-related impacts<•> 

14 Annual Dose Risk 
15 (person-rem) 

16 Routine crew 0.97 4.35 0.85 3.8 

17 Routine public 1.24 5.6 0.17 0.76 

18 Accident 0.002 0.002 0.0002 0.0002 

19 Latent cancer fatalities(bl 

20 Crew fatalities 4x10-4 2x10-3 3xl0-4 2x10-3 

21 Public fatalities 6x10-4 3x10-3 8x10-5 4x10-4 

22 Vehicle-related impacts<c) 

23 Emission fatalities 5x10-5 2x10-4 9x10-5 4x10-4 

24 Traffic accident 7x10-4 3x10-3 3x10-5 lxl0-4 
25 fatalities 
26 
27 (a) Cargo-related impacts arc those impacts attributable to the radioactive nature of the material. 
28 
29 (1>) Latent cancer fatalities arc calculated by multiplying dose by the ICRP publication 60 (ICRP 1991) health risk conversion factors of 
30 4xl0-4 and Sxl0-4 fatal cancers per person-rem for workers and for the public, respectively. 
31 
32 (c) Vehicle--rclated impacts arc those impacts that are independent of the cargo in the shipment. 
33 

971120.1751 T4-22 



TH\S PAGE \NTENT\ONALLY 
LEFT BLANK 



1 
2 
3 

HNF-1855, Draft B 

Table 4-23. Bounding Radiological Inventories for the Transportation of Irradiated 
Targets and Medical Isotope Products. (sheet 1 of 7) 

4 Product Isotope Estimated Annual Radionuclide Quantity shipped (Ci/shipment) 

5 
6 
7 

8 

9 

9711 20 . 1751 

Ac227 
Th-228 
Th-229 

Aul98 

Cdl09 

Number of 
Shipments of 

Irradiated Targets 
and Separated 

Isotopes 

1 

25 

1 

Shipped 

Ac227 

Th227(b) 

Th228(b) 

Th229(b) 

Ra226 

Ra227 

Ra228 

Ra229 

Ac228 

Ac229 

Au198 

Au196 

Au198m 

Au199 

Au200m 

Au200 

Pt197 

Cd109 

Cdl07 

Ag105 

Ag106m 

Agl07m 

Agl08m 

Agl08 

AgllOm 

Agll0 

Aglll 

Pdl09 

T4-23.l 

Irradiated targets Product Isotopes(a) 
from FFTF to 325 

Building 

2.0E+02 2 .0E+02 

l.9E+02 l.0E+02 

2.1E+03 l.0E+03 

1.6E-01 4.0E-02 

2.6E+0l Recycled 

l.lE-06 Recycled 

l.5E-G2 Recycled 

3.8E-13 Recycled 

4.SE-02 Waste 

3.8E-13 Waste 

l.8E+02 l.8E+02 

2 .lE-02 2.lE-02 

l.3E+02 1.3E+02 

3.4E+02 3.4E+02 

l.2E-Ol 1.2E-0l 

4.lE-02 4.lE-02 

l.2E-05 1.2E-05 

7.9E+03 7.9E+03 

l.lE-01 Waste 

8.8E-01 Waste 

3.9E-03 Waste 

l.lE-01 Waste 

4.3E-02 Waste 

3.8E-03 Waste 

4 .8E+0l Waste 

6.7E-Ol Waste 

7.7E-06 Waste 

1.6E-03 Waste 
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HNF-1855, Draft B 

Table 4-23. Bounding Radiological Inventories for the Transportation of Irradiated 
Targets and Medical Isotope Products. (sheet 2 of 7) 

Product Isotope Estimated Annual Radionuclide Quantity shipped (Ci/shipment) 
Number of Shipped 

Shipments of 
Irradiated Targets Irradiated targets Product Isotopes<•> 

and Separated from FFTF to 325 
Isotopes Building 

1 Cu64 25 Cu64 2.2E+0l 2.2E+0l 

Zn65 2.5E+00 Waste 

Cu67 2.lE-03 Waste 

2 Cu67 25 Cu67 8.3E+00 8.3E+OO 

Zn65 l .2E-03 Waste 

Zn69m 3.6E+OO Waste 

Zn69 l.4E+0l Waste 

3 Gd153 1 Gd153 6.1E+03 6.1E+03 

Eu152m 2.3E-05 Waste 

Eu152 3.3E+03 Waste 

Eu154m 3.lE-05 Waste 

Eu154 l.8E+04 Waste 

Eu155 6.1E+03 Waste 

Eu156 8.3E+04 Waste 

Sm153 6.4E-05 Waste 

4 Ho166 25 Ho166 4.0E+0l 4.0E+0l 

Ho166m 3.8E-05 3.8E-05 

Ho167 9.7E-03 9.7E-03 

Er167m 9.7E-03 9.7E-03 

Dy166 9.6E-07 9.6E-07 

5 1125 1 1125 l.4E+04 l.4E+04 

Xe125 l.4E+04 Waste 

1124 5.9E-01 Waste 

1126 2.4E+02 Waste 

971120. 1751 T4-23.2 
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Table 4-23. Bounding Radiological Inventories for the Transportation of Irradiated 
Targets and Medical Isotope Products. (sheet 3 of 7) 

Product Isotope Estimated Annual Radionuclide Quantity shipped (Ci/shipment) 
Number of Shipped 

Shipments of ' 
Irradiated Targets Irradiated targets Product Isotopes<") 

and Separated from FFTF to 325 Isotopes Building 

1 1131 10 1131 6.0E+02 6.0E+02 

Te129m 1.lE+0l Waste 

Tel29 8.8E+0l Waste 

Tel31 6.7E+02 Waste 

1129 1.lE-06 Waste 

1130 2.2E+OO Waste 

2 Irl92 1 Irl92 2.0E+06 2.0E+06 

Ir192m 2.8E+0l 2.8E+0l 

lrl93m l.6E+04 1.6E+04 

lr194m 6.8E+03 6.8E+03 

Ir194 2.8E+02 2.8E+02 

Pt193m 2.2E+03 2.2E+03 

Pt193 2.8E+0l 2.8E+0l 

Pt195m 1.5E+02 1.5E+02 

3 Lu177 10 Lu177 9.8E+OO 9.8E+OO 

Lul76m l.lE+OO Waste 

Lu177m l.lE-03 Waste 

Lu178 3.2E-04 Waste 

Lu179 5.SE-08 Waste 

Hf177m l .4E-03 Waste 

Hf178m l.9E-05 Waste 

Hf179m l .SE-05 Waste -
4 Mo99 25 Mo99 l.2E+04 l.2E+04 

MolOl 2.0E+OO 2.0E+OO 

Tc99m 7.6E+03 7.6E+03 

Tc99 3.lE-04 3.lE-04 

Tel01 1.SE+0l 1.SE+0l 

971120 . 175 1 T4- 23.3 





HNF-1855, Draft B 

Table 4-23 . Bounding Radiological Inventories for the Transportation of Irradiated 
Targets and Medical Isotope Products. (sheet 4 of 7) 

Product Isotope Estimated Annual Radionuclide Quantity shipped (Ci/shipment) 
Number of Shipped 

Shipments of ' 

Irradiated Targets Irradiated targets Product Isotopes<al and Separated from FFTF to 325 
Isotopes Building 

1 Os194 1 Os194 2.6E+0l 2.6E+0l 

Os19lm 5.0E+02 Waste 

Os191 3.3E+05 Waste 

Os193 l.5E+0S Waste 

lr192 1.1E+03 Waste 

Ir193m l.lE+0l Waste 

Ir194m l.SE-03 Waste 

Ir194 2.6E+0l Waste 

2 P32 5 P32 l.6E+02 l.6E+02 

S35 3.3E+0l Waste 

P33 4.0E-01 Waste 

3 P33 3 P33 2 .0E+02 2.0E+02 

S35 2.3E+0l Waste 

P32 5.2E+OO Waste 

4 Pd103 5 Pd103 5.5E+03 5.5E+03 

Rh103m 5.5E+03 5.5E+03 

RhlOS 8.8E-05 - 8.8E-05 

Ag107m 4.8E-05 4 .8E-05 

5 Pt195m 5 Pt195m 4.SE+00 4.SE+00 

Pt193m 8.8E+OO 8.8E+OO 

Pt193 l.4E-0l l.4E-01 

Pt197 8.6E+0l 8.6E+0l 

Ir193m l.lE-01 l.lE-01 

lr194m l.8E-04 l.8E-04 

Ir194 4.2E-05 4.2E-05 

Au197m 8.6E+0l 8.6E+0l 
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Table 4-23. Bounding Radiological Inventories for the Transportation of Irradiated 
Targets and Medical Isotope Products. (sheet 5 of 7) 

Product Isotope Estimated Annual Radionuclide Quantity shipped· (Ci/shipment) 
Number of Shipped 

Shipments of 
Irradiated Targets Irradiated targets Product Isotopes<a> 

and Separated from FFTF to 325 
Isotopes · Building 

1 Re186 10 Re186 7.0E+03 7.0E+03 

Re186m l.7E-03 1.7E-03 

Re188 4.8E+02 4.8E+02 

Re189 9.3E-02 9.3E-02 

Os189m 4.0E+00 4.0E+OO 

W187 3.7E-01 3.7E-01 

W188 l.2E-09 l.2E-09 

2 Sc47 25 Sc47 4.0E+0l 4.0E+0l 

Sc46 l.SE-02 Waste 

Sc48 5.6E-02 Waste 

Ca47 2 .3E-05 Waste 

3 Se75 1 Se75 9.9E+0l 9.9E+0l 

As76 4.7E-02 4.7E-02 

As77 4.0E-05 4 .0E-05 

4 Sm145 1 Sm145 l.0E+02 l.0E+02 

Sm146 5.SE-07 5.SE-07 

Sm151 l.7E-01 l.7E-01 

Pm145 2.lE+00 2.lE+OO 

Pm146 l.2E-01 l.2E-O1 

Pm147 2.8E-03 2.8E-03 

Pm148m l.9E-03 l.9E-03 

Pm148 4.2E-03 4.2E-03 

Pm149 l.SE-03 1.SE-03 

Nd147 4 .6E-04 4.6E-04 
.-
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Table 4-23. Bounding Radiological Inventories for the Transportation of Irradiated 
Targets and Medical Isotope Products. (sheet 6 of 7) · 

Product Isotope Estimated Annual Radionuclide Quantity shipped (Ci/shipment) 
Number of Shipped 

Shipments of ' 
Irradiated Targets Irradiated targets Product Isotopes<al 

and Separated from FFTF to 325 
Isotopes Building 

1 Sm153 25 Sm153 8.0E+0l 8.0E+0l 

SmlSl 2.0E-06 2.0E-06 

SmlSS 4.lE-04 4 .lE-04 

Sm156 1.2E-07 l.2E-07 

Eu152m 5.0E-08 5.0E-08 

Eu154m 2.0E-01 2.0E-01 

Eu154 3.0E-03 3.0E-03 

EulSS 3.lE-04 3. lE-04 

Eu156 8.6E-03 8.6E-03 

2 Sn117m 5 Sn117m 2.0E+02 2.0E+02 

Sn119m 1.7E-02 1.7E-02 

3 Sr85 1 Sr85 4 .9E+02 4.9E+02 

Sr89 6.SE-02 6.SE-02 

Sr90 5.4E-06 5.4E-06 

Rb84 1.3E+OO l.3E+OO 

Rb86 3.0E+OO 3.0E+OO 

Kr85 4.2E-05 4.2E-05 . 

4 Sr89 3 Sr89 3.9E+02 3.9E+02 

Sr85 4.6E-03 Waste 

Sr90 2.SE-02 Waste 

Rb86 5.lE-06 Waste 

Y88 7.9E-06 Waste 

Y90 1.SE+OO Waste 
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Table 4-23. Bounding Radiological Inventories for the Transportation of Irradiated 
Targets and Medical Isotope Products. (sheet 7 of 7) 

Product Isotope Estimated Annual Radionuclide Quantity shipped (Ci/shipment) 

1 

2 

3 

4 5 (a) 

6 
7 
8 (b) 

9 

9711 20.1751 

Number of Shipped 
Shipments of 

Irradiated Targets . Irradiated targets Product Isotopes<a) 
and Separated from FFTF to 325 

Isotopes Building 

W188 1 W188 3.3E+04 3.3E+04 

W181 2.8E-03 2.8E-03 

W185 9.2E+04 9.2E+04 

W187 l.8E+05 l.8E+05 

Ta182 l .2E-05 l.2E-05 

Ta183 8.0E-05 8.0E-05 

Re186m 4.6D-03 4.6E-03 

Re186 4.8E+03 4.8E+03 

Re188m l.6E-06 l.6E-06 

Re188 4.0E+04 4.0E+04 

Re189 2.7E+01 2.7E+0l 

Os189m 3.SE+0l 3.5E+0l 

Xe127 3 Xe127 2.0E+02 2.0E+02 

Y91 1 Y91 9.9E+0l 9.9E+0l 

Zr89 7.8E-01 Waste 

Zr93 5.8E-04 Waste 

Zr95 2.lE-02 Waste 

Y90 3.2E+OO Waste 

Recycle - Radioactive material will be recycled within the 325 Building for further use in targets. 
Waste - Material is not shipped as part of medical isotope product a·nd is treated as liquid and solid waste. 

Th-227, Th-228, and Th-229 are are isotopes generated during the irradiation of the Ra-226 target and may be shipped with the Ac--
227 or shipped separately as Thorium. 
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1 Table 4-24. Summary of Routine or Incident Free Transportation Impacts<a)(b). (sheet 1 of 2) 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Isotope• 

Ac-227 

Au-198 

Cd-109 

Cu-64 

Cu-67 

Gd-153 

Ho-166 

1-125 

1-131 

lr-192 

Lu-177 

Mo-99 

Os-194 

P-32 

P-33 

Pd-103 

Pt-195m 

Re-186 

Sc-47 

Se-75 

Sm-145 

Sm-153 

Sn-117m 

Sr-85 

Sr-89 

Th-228 

Th-229 

W-188 

971120.1751 

Number of 
Shipments 
per Year 

1 

25 

1 

25 

25 

1 

25 

1 

10 

1 

10 

25 

1 

5 

3 

5 

5 

10 

25 

1 

1 

25 

5 

1 

3 

1 

1 

1 

Summary of Annual Health Effects Associated with Truck and Air Transport to 
Pharmaceutical Distributors (LCFs/year) 

DuPont Amersham Mallinckrodt 

Crew Public Crew Public Crew Public 
(LCFs/ (LCFs/ (LCFs/ (LCFs/ (LCFs/ · (LCFs/ 

year)<cHdl year)<cHd> year)(c)(d) year)(c)(dl year)(c)(d) year)(c)(dJ 

6.5E-10 < lE-10 6.5E-10 <lE-10 6.5E-10 <lE-10 

3.9E-04 2.5E-04 3.5E-04 2.2E-04 3.4E-04 2.lE-04 

7.6E-10 < lE-10 7.6E-10 < lE-10 7.6E-10 < lE-10 

2.2E-04 l .4E-04 l.9E-04 l.2E-04 l.9E-04 1.2E-04 

2.5E-08 l.5E-09 2.5E-08 l.5E-09 2.5E-08 l.5E-09 

5. lE-08 3. lE-09 5.lE-08 3.lE-09 5.lE-08 3.lE-09 

1.4E-03 8.6E-04 l .2E-03 7.6E-04 l.2E-03 7.5E-04 

6 .8E-10 <lE-10 6 .8E-10 <lE-10 6.8E-10 < lE-10 

3.9E-04 2.4E-04 3.4E-04 2.lE-04 3.3E-04 2.lE-04 

9.lE-05 5.8E-05 8.0E-05 5.lE-05 7.9E-05 5.0E-05 

6.5E-09 3.9E-10 6.5E-09 3.9E-10 6.5E-09 3.9E-10 

2.3E-03 1.4E-03 2.0E-03 l.3E-03 2.0E-03 1.2E-03 

9.lE-05 5.8E-05 8.0E-05 5.lE-05 7.9E-05 5.0E-05 

5.0E-09 3.0E-10 5.0E-09 3.0E-10 5.0E-09 3.0E-10 

2.5E-09 1.SE-10 2.5E-09 l.5E-10 2.5E-09 l.5E-10 

5.0E-09 3.0E-10 5.0E-09 3.0E-10 5.0E-09 3.0E-10 

4.4E-09 9.5E-10 4.3E-09 8.6E-10 4.3E-09 8.5E-10 

9.lE-04 5.8E-04 8.0E-04 5.lE-04 7.9E-04 5.0E-04 

2.5E-08 l.5E-09 2.5E-08 l.5E-09 2.5E-08 l.5E-09 

2.3E-07 1.5E-07 2.0E-07 l.3E-07 2.0E-07 l.3E-07 

4 .6E-07 2.9E-07 4.lE-07 2.6E-07 4.0E-07 2.5E-07 

l.8E-05 l.lE-05 l .6E-05 9.8E-06 l.5E-05 9.7E-06 

5.0E-09 3.0E-10 5.0E-09 3.0E-10 5.0E-09 3.0E-10 

2.6E-05 l.6E-05 2.2E-05 1.4E-05 2.2E-05 l.4E-05 

l.8E-06 l.lE-06 l.6E-06 9.9E-07 l.5E-06 9.8E-07 

6.5E-10 <lE-10 6.5E-10 < lE-10 6.5E-10 < lE-10 

See Th-228 See Th-228 See Th-228 See Th-228 See Th-228 See Th-228 

9.lE-05 5.8E-05 8.0E-05 5.lE-05 7.9E-05 5.0E-05 
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Table 4-24. Summary of Routine or Incident Free Transportation Impacts<a)(b). (sheet 2 of 2) 

Isotope* Number of Summary of Annual Health Effects Associated with Truck and Air Transport to 
Shipments Pharmaceutical Distributors (LCFs/year) 
per Year 

DuPont Amersham Mallinckrodt 

Crew · Public Crew Public Crew Public 
(LCFs/ (LCFs/ (LCFs/ (LCFs/ (LCFs/ (LCFs/ 

year)(c)(d) year)<c)(d) year)<c)(d) year)(c)(d) year)<c)(d) year)<c)(d) 

Xe-127 3 2.2E-08 l.3E-08 2.0E-08 1.lE-08 2.0E-08 1.lE-08 

Y-91 1 1.6E-05 l.0E-05 1.4E-05 8.SE-06 1.4E-05 8.7E-06 

<•> See Tables 27 through 34 in Appendix F .2 for radiological impacts 

(b) Routine transportation impacts for liquid and solid waste shipments are less than 5.0E-06 LCFs/year and 2.0E-07 LCFs/year for the crew and public. 
respectively. 

<•> Calculated using the methodology prescribed in ICRP 60. 

<dl A~ident impacts are less than lE-10 health effects; insignificant contributors to annual and life-cycle transportation impacts. 

971120. 1751 T4-24.2 
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Table 4-25. Nonradiological Risks due to Incident-Free Transportation. 

Transportation segment 

Target material from ORNL to 325 Bldg.Cb) 

Unirradiated targets from 325 Bldg. to FFTF 

Irradiated targets from FFTF to 325 Bldg. 

Separated isotopes from 325 Bldg. to Pasco Airport 

Separated isotopes from destination Airport to Distributor 
(bounding consequences )<c) 

Solid and liquid waste from 325 Bldg. to 200 East Area 

Total for all isotope shipments, including waste 

<al Caiculated impacts are for round trip distances. 

Impacts for Each 
Isotope Shipment<a) 
Estimated Fatalities 

(public) 

1.2E-04 

1.5E-06 

1.5E-06 

2.5E-05 

4.3E-09 

8.2E-06 

5.8E-04 

(b> Not applicable to actinium-227, radium-226 target material is at 325 Building, impacts have been included in unirradiated 
targets from 325 Building to FFfF. 

<<> 1 - Shipments from Boston Airport to Du-Pont (2.SE-04 fatalities) . 
2 - Shipments from Chicago Airport to Amersham (4.3E-04 fatalities) . 
3 - Shipments from St. Louis Airport to Mallinckrodt (1.4E-04 fatalities) . 

T4-25 
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Table 4-26. Summary of Radiological Transportation Accident lmpacts<a). 
Impacts are in the form of annual integrated population risks. (sheet 1 of 2) 

Isotope Product Number of Annual Sum of Impacts From Irradiated Target and Isotope Product 
Shipments Shipments to Pharmaceutical Distributors 

DuPont Amersham Mallinckrodt 

Health Effects Health Effects Health Effects 
(LCFs)<a> (LCFs)<a) (LCFs)(a) 

Ac-227 1 l.5E-02 l.0E-02 9.4E-03 

Au-198 25 2.2E-08 3.2E-08 1.4E-08 

Cd-109 1 2.8E-07 4.lE-07 l.8E-07 

Cu-64 25 3.2E-10 4.6E-10 2. lE-10 

Cu-67 25 2.4E-10 3.4E-10 l.5E-10 

Gd-153 1 7.3E-08 l.lE-07 4.8E-08 

Ho-166 25 l.lE-09 5.lE-09 2.3E-09 

1-125 1 4.8E-06 9.7E-06 3.lE-06 

1-131 10 5.0E-07 3.9E-07 3.2E-07 

lr-192 1 l.5E-09 2.3E-09 l.0E-09 

i..u-177 10 3.4E-10 4.9E-10 2.2E-10 

Mo-99 25 6.2E-07 9.2E-07 4. lE-07 

Os-194 1 8.5E-09 l.3E-08 5.6E-09 

P-32 5 9.lE-10 l.3E-09 5.9E-10 

P-33 3 4.lE-09 6.lE-09 2.7E-09 

Pd-103 5 8.8E-09 l.3E-08 5.8E-09 

Pt-195m 5 6.0E-10 8.7E-10 3.9E-10 

Re-186 10 2.0E-07 2.9E-07 1.3E-07 

Sc-47 25 l .6E-09 2.3E-09 l.0E-09 

Se-75 1 4.0E-10 6.0E-10 2.6E-10 

Sm-145 1 2.5E-09 3.7E-09 l.6E-09 

Sm-153 25 3.7E-09 5.4E-09 2.4E-09 

Sn-117m 5 1.2E-09 1.7E-09 7.8E-10 

Sr-85 1 8.5E-10 l.6E-09 6.9E-10 

Sr-89 3 3.7E-09 6.6E-09 3.0E-09 

Th-228 1 4.3E-04 3.4E-04 2.8E-04 

Th-229 1 See Th-228 See Th-228 See Th-228 

W-188 1 5.2E-07 8.lE-07 3.5E-07 
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Table 4-26. Summary of Radiological Transportation Accident lmpacts<a). 
Impacts are in the form of annual integrated population risks. (sheet 2 of 2) 

Isotope Product Number of Annual Sum of Impacts From Irradiated Target and Isotope Product 
Shipments Shipments to Pharmaceutical Distributors 

DuPont Amersham Mallinckrodt 

Xe-127 3 6.0E-09 9.0E-09 4 .0E-09 

Y-91 1 5.4E-10 9.8E-10 4.4E-10 

4 (I) Calculated using the methodology described in ICRP 60. 
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Table 4-27. Nonradiological Impacts due to Transportation Accidents. 

Transportation Segment Estimated 
Fatalities/ Year 

Target material from ORNL to the 300 Area<a)(b) 1.SE-03 

Unirradiated targets from the 300 Area to the FFTPc) 3.6E-04 

Irradiated targets from FFTF to 325 Building<c) 3.6E-04 

Isotope product from 325 Building to Pasco Airport<c) 2.2E-04 

Isotope products from destination AilJ?;ort to 3.2E-04 
Distributor (maximum consequence) a)(c}(d} 

Solid and Liquid waste from 300 Area to 200 East Area 1.7E-04 

Total 3.2E-03 

(a) Calculated impacts are for one way distances. Drivers are asswned to return to ORNL area with 
non-related cargo. Other legs are for round-trip shipments, including loaded shipments and empty 
return shipments. 

(b) Annual target material demand for each isotope is shipped on one truck, 29 shipments per year 
(e.g., annual requirements for 25 Sm-153 targets are shipped on the same truck). 

(c) 246 shipments per year based on the number of irradiation cycles. 

(cl) Shipments from Boston Airport to Du-Pont (2.9E-04 fatalities). 
Shipments from Chicago Airport to Amersham (3.2E-04 fatalities) . 
Shipments from St. Louis Airport to Mallinckrodt (1.0E-04 fatalities). 
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1 Table 4-28. Annual Radionuclide Emissions from the 
2 325 Building Main Stack. 
3 

4 Calendar Emissions (curies per year) 
5 Year 

Plutonium-239 Mixed Iodine-131 Krypton-85c Tritiumb 
Fission 

Products 

6 1980 <2.5E-6 <7.0E-6 < l.0E-4 

7 1981 <5.8E-6 < 1.0E-6 < l. lE-4 

8 1982 <3.6E-6 <5.0E-6 < l.8E-4 

9 1983 <2.8E-6 <5.2E-6 < l.8E-4 

10 1984 <2.7E-6 < 1.6E-6 <2.3E-4 

11 1985 <2.3E-6 <4.5E-6 < l.7E-4 

12 1986 <3.0E-6 <7.0E-6 <8.0E-5 

13 1987 <2.4E-6 <6.5E-5 <6.7E-5 

14 Alpha Beta Iodine-131 

15 1988(d) 7.6E-6 2.5E-4 <9.9E-5 

16 1989 l. lE-6 l.6E-4 <6.4E-5 

17 1990 l.6E-6 4.lE-5 <6.6E-5 

18 · Alpha Beta Iodine-131 Krypton-85 Tritium 

19 1991 1.6E-6 9.9E-5 83 

20 1992 8.5E-7 2.4E-6 32 

21 1993 l.2E-6 8.4E-6 17 

22 1994 2.3E-7 l.5E-7 3.7 
23 
24 (I) No entry, since tritium was not used before 1991. 
25 
26 (b) In 1988, reporting of particulate emissions frorn_plutoniurn-239 to total alpha and from mixed fission products to total beta. 

27 

971120.1751 14-28 



)\N~lS l:!31 
HWNOIHB1.NI 3B~d S\Hl 



HNF-1855, Draft B 

1 
2 

Table 4-29. Summary of Potential 325 Building Accidents. 

3 Event Frequency Mitigated 
, yr<a> Consequences, rem 

4 

5 Fires and Explosions 

6 Hot Cell Fire A 
7 Consuming · A 
8 glovebox fire 
9 Large EU 

10 uncontrolled fire 
11 Explosion in a A 
12 glovebox 
13 Handling Accidents 

14 Spill in a Hot A 
15 Cell 

16 
17 

18 
19 

20 

21 
22 
23 
24 
25 
26 

27 
28 

Spill in a A 
Laboratory 

Liquid waste U 
cask accident 

Loss of Support Services 

Loss of Electric EU 
Power /Explosion 

Criticality 

Pu solution EU /1 
criticality 

Natural Phenomena 

Unlikely Seismic U 
Event 

Extremely EU 
Unlikely Seismic 
Event 

EDE(b) 

Onsite Offsite 

0.015 0.0018 
0.014 0.0016 

91 * 11 * 

0.0036 4.2E-04 

5E-06 6E-07 

9.8E-04 

1.6E-06 

73* 

75* 

1.5* 

84* 

1.lE-04 

1.9E-07 

8.3* 

2.5* 

0.18* 

9.7* 

PNL Risk 
Guidelines,rem 

EDE(c) 

Onsite 

0.1 
0.1 

100 

0.1 

0.1 

0.1 

10 

100 

100 

10 

100 

Offsite 

0.004 
· 0.004 

40 

0.004 

0.004 

0.004 

0.4 

40 

40 

0.4 

40 

RL Review 
Criteria, rem 

EDE(d) 

Onsite 

5 
5 

100 

5 

5 

5 

25 

100 

100 

25 

100 

Offsite 

0.5 
0.5 

25 

0.5 

0.5 

0.5 

5 

25 

25 

5 

25 29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

<•> A = Anticipated (greater than lE-02/yr); U = Unlikely (lE-02 to lE-04/yr); EU = Extremely Unlikely (lE-04 
to lE-06/yr); I = Incredible (less than 1 E-06/yr). 

(b) Consequences presented are mitigated except where indicated by an asterisk(*). In the unmitigated cases, the 
accident scenario may cause mitigation measures to be unavailable. See the specific scenario analyses for further 
information. 

(c) Radiological risk guidelines specified in PNL-MA-44, Safety Analysis. 

971120.1751 14-29 



THIS P GE h TE T O ALLY 
LEFT BLANK 



HNF-1855, Draft B 

CONTENTS 1 
2 
3 
4 
5 

5.0 REFERENCES ........... .. . 

971121.2034 5-i 

5-1 



1 
2 
3 
4 
5 
6 

971121.2034 

HNF-1855 , Draft B 

References will be -compiled for final publication. 

5-ii 



HNF-1855, Draft B 

1 5.0 REFERENCES 
2 
3 
4 DOE, 1989, Final Version Dry Cask Storage Study. 
5 
6 DOE, 1996a, Tritium Production Capability at the Fast Flux Test Facility, 
7 U.S. Department of Energy, Office of Nuclear Energy, Science, and 
8 Technology, Washington, D.C. 
9 

10 DOE, 1996b, Technical Assessment of Tritium Production Capability of the Fast 
11 Flux Test Facility, March 1996, The Defense Programs Tritium Office, 
12 Washington, D.C. 
13 
14 DOE/EA-0116, Environmental Assessment for the Fuels and Materials Examination 
15 Facility. 
16 
17 DOE/EA-0116S, FMEF Environmental Assessment Supplement for Secure Automated 
18 Fabrication (SAF), supplement to DOE/EA-0116. 
19 
20 DOE/EA-0993, Environmental Assessment: Shutdown of the Fast Flux Test 
21 Facility, Hanford Site, Richland, Washington. 
22 
23 DOE/EA-1005, Disposition and Transportation of Surplus Radioactive Low 
24 Specific Activity Nitric Acid, Hanford Site, Richland, Washington. 
25 · 
26 DOE/EA-1185, Environmental Assessment: Management of Non-Defense Production 
27 Reactor Spent Nuclear Fuel, Hanford Site, Richland, Washington. 
28 
29 DOE/EA-1210, Environmental Assessment: Lead Test Assembly Irradiation and 
30 Analysis, Watts Bar Nuclear Plant, Tennessee; and Hanford Site, Richland 
31 Washington. 
32 
33 DOE/EIS-0161, Final Programmatic Environmental Impact Statement for Tritium 
34 Supply and Recycling, October 1995. 
35 
36 DOE/EIS-0203F, Department of Energy Programmatic Spent Nuclear Fuel Management 
37 and Idaho National Engineering Laboratory Environmental Restoration and 
38 . Waste Management Programs Final Environmental Impact ..Statement. 
39 
40 DOE/EIS-0222D, Draft Hanford Remedial Action Environmental Impact Statement 
41 and Comprehensive Land Use Plan. 
42 
43 DOE/EIS-0229, Storage and Disposition of Weapons-Usable Fissile Materials 
44 Final Programmatic Environmental Impact Statement. 
45 
46 DOE/EIS-0240, Disposition of Surplus Highly Enriched Uranium Final 
47 Environmental Impact Statement. 
48 
49 DOE/EIS-0249, Medical Isotopes Production Project: Molybdenum-99 and Related 
50 Isotopes Environmental Impact Statement. 
51 
52 DOE/EIS-0249F, The. Fina 1 Envi ronmenta 1 Impact Statement for Medi ca 1 I sot opes 
53 Production Project: Molybdenum-99 and Related Isotopes. 
54 

971121. 2034 5-1 



HNF-1855, Draft B 

1 DOE/EIS-0271 (in preparation), EIS for Construction and Operation of a Tritium 
2 Extraction Facility· at the Savannah River Site . 
3 
4 DOE/EIS-0283 (in preparation), EIS for Programmatic Surplus Plutonium 
5 Disposition. 
6 
7 DOE Order 5400.5, Radiation Protection ofthe Public and the Environment. 
8 
9 DOE Order 5480.11, Radiation Protection for Occupational Workers. 

10 
11 DOE Order 5633 .3A, Control and Accountability of Nuclear Materials . 
12 
13 DOE Order 6430 . lA, General Design Criteria . 
14 
15 DOE/RL-91-10, Calendar Year 1990 Air Emission Report for the Hanford Site , 
16 U.S . Department of Energy, Richland Operations Office, Richland, 
17 Washington. 
18 
19 Ecology, EPA, and DOE, 1996, Hanford Federal Facility Agreement and Consent 
20 Order, as amended, Washington State Department of Ecology, 
21 U.S. Environmental Protection Agency, and U.S. Department of Energy, 
22 Washington, D.C. 
23 
24 ERDA, 1977a, Environmental Impact Assessment for the Fuels and Materials 
25 Examination Facility, U.S. Energy Research and Development 
26 Administration, Washington, D.C. 
27 
28 ERDA, 1977b, Final Environmental Impact Statement--High Performance Fuel 
29 Laboratory, ERDA-1150, Energy Research and Development Administration, 
30 Hanford Reservation, Richland , Washington. 
31 
32 HEDL-400, Summary Description of the Fast Flux Test Facility , Hanford 
33 Engineering Development Laboratory, Richland, Washington . 
34 
35 HNF-AOP- 97-1, Hanford Site Air Operating Permit Application . 
36 
37 HNF-PR0-514, Risk Guidelines . 
38 
39 HNF-1732, Preliminary Scoping Safety Analyses of the Limiting Design Basis 
40 Protected Accidents for the Fast Flux Test Facility Tritium Production 
41 Core . 
42 
43 HSRCM-1, Hanford Site Radiological Control Manual. 
44 
45 JSR-96-325, Use of the Fast Flux Test Facility for Tritium Production, JASON, 
46 The MITRE Corporation, McLean, Virginia, 1996. 
47 
48 PNL-MA-8, Waste Management and Environmental Compliance, 1997. 
49 
50 PNL-MA-661, Facility Effluent Monitoring Plan for the 325 Building, Pacific 
51 Northwest Laboratory, Richland, Washington . 
52 
53 PNL-6584, GENII - The Hanford Environmental Radiation Dosimetry Software 
54 System, Pacific Northwest Laboratory, Richland , Washington. 

971121.2148 5-2 



HNF-1855 , Draft B 

1 PNNL-11139, Hanford Site Environmental Report 1995, 1996. 
2 
3 PNNL-11472, Hanford Site Environmental Report 1996, 1997. 
4 
5 PNNL, 1997, Unclassified FFTF Tritium Target Description, correspondence from 
6 B. D. Reid, Pacific Northwest National Laboratory, to D. M. Lucoff, 
7 B&W Hanford Company, dated June 13, 1997. 
8 
9 PNL-SAR-325, Safety Analysis Report for the 325 Building, Pacific Northwest 

10 National Laboratory, Richland, Washington . 
11 
12 Putnam, Hayes & Bartlett, Inc., 1997, DOE Tritium Production: Final Briefing 
13 on FFTF and ATR Cost Analysis, Washington, D.C. 
14 
15 Savoie, R. A. 1996, Independent Assessment of Cost and Schedule Estimates For 
16 the Production of Tritium At the Fast Flux Test Facility, Independent 
17 Review Team . 
18 
19 UKAEA, 1988, MONK6 A Monte Carlo Code for Criticality Calculations, ANSWERS 
20 (MONK6)2, AEEW R2248, Winfirth Technology Centre, Dorchester, Dorset, 
21 United Kingdom. 
22 
23 WASH-1510, Environmental Statement for the Fast Flux Test Facility, 
24 U.S. Atomic Energy Commission, Washington, D.C. 
25 
26 WHC-CM-7-5, Environmental Compliance Manual . 
27 
28 WHC-EP-0215-8, Summary of Radioactive Solid Waste Received in the 200 Areas 
29 During Calendar Year 1995, Westinghouse Hanford Company, Richland, 
30 Washington . 
31 
32 WHC-SD-CN-SWD-30002, GXQ Program Users Guide, Rev . 1, Westinghouse Hanford 
33 Company, Richland, Washington. 
34 
35 WHC-SD-CP-ES-155, Commercially Available Dry Storage Systems for Storage of 
36 Irradiated Fuel on the Hanford Site, Rev. 0, Westinghouse Hanford 
37 Company, Richland, Washington, 1994. 
38 
39 WHC-SD-GN-SAD-301, Safety Assessment Document for the 306E Building, 
40 Westinghouse Hanford Company, Richland, Washington, 1989. 
41 
42 WHC-SD-WM-SP-011, Solidified High-level Waste Interim Storage Alternative 
43 Analysis and Path Forward Recommendation, Westinghouse Hanford Company, 
44 Richland, Washington, 1996 . 
45 
46 WHC-SP-0385, Effluent Report for 300 and 400 Area Operations for Calendar Year 
47 1987, Westinghouse Hanford Company, Richland, Washington, 1989. -
48 
49 

971121. 2149 5-3 



I 
2 
3 
4 
5 

971121.2034 

HNF-1855, Draft B 

This page intentionally left blank. 

5-4 



HNF-1855, Draft B 

1 APPENDICES 
2 
3 
4 A U.S. DEPARTMENT OF ENERGY LETTERS ... . . . . . . . . .... APP A-i 
5 
6 B DESCRIPTION OF FUELS AND MATERIALS EXAMINATION FACitITY 
7 AND 325 BUILDING .. ...... APP B-i 
8 
9 C TRITIUM TARGET ASSEMBLY STATIONS APP C-i 

10 
11 D HANFORD SITE AFFECTED ENVIRONMENT APP D-i 
12 
13 E GENERAL DISCUSSION OF ACCIDENT ANALYSIS METHODOLOGY APP E-i 
14 
15 F TRANSPORTATION IMPACTS .... APP F-i 
16 
17 G INFORMATION ON MEDICAL ISOTOPES APP G-i 

. ~ 

971120.1426 APP-i 



1 
2 
3 
4 
5 

971120.1426 

HNF-1855, Draft B 

This page intentionally left blank. 

APP-ii 



1 
2 
3 
4 

971120.1040 

HNF-1855, Draft B 

APPENDIX A 

U.S. DEPARTMENT OF ENERGY LETTERS 

APP A-i 



HNF-1855 , Draft B 

1 This Appendix provides DOE Headquarters l etters relating to decisions by 
2 the DOE to maintain the FFTF in standby while environmental and safety 
3 analyses and technical feasibility studies for the interim tritium and 

.. 
4 long-term medical isotope production mission are conducted. 
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APPENDIX A.I 

Memo from the Office of Nuclear Energy, Science and Technology 
to 

Director, Transition Program Division, Richland, WA 

dated: 
November 1995 
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Department of Energy 
Washington, DC 20585 

November 30, 1995 

Director, Transition Program Division 
825 Jadwin/R3-79 
Richland, WA 99352 

Dear Jim: 

Confinning our conversation of November 30, 1995, the sodium is to remain in the 

FFfF Secondary until further notice. 

Sincerely, 

R~ A . H"'""i:iA-
Ray A. Hunter, Deputy Director 

_ _ _.rvx:c.- -- _r-..r .. ~1--- c---· _ _ 
- --u.rr..n .DO.E ___ ----o.,, 

~CEIVF..0 ooE 

0EC6 1995 
) t->U 

cc: Richard Guimond, EM-2 
Lisa Feldt, EM-65 
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Memo for the Secretary of Energy, through the Deputy Secretary 

dated: 
January 1997 
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Eldoa w. Joern, MAJ GEN, 'USAF 
I)in,w,r, Trilium Pnljcct. Office. 

ACI10N: Dr.d.Jion on ~c.miine ~ Fast Auz Tut .Facility 1ll a 
bot sandbJ gp&QJY.CQ pcmiit the: Dcpu,:meiit IO mm• d.ccislon 
by 1991 OD wbctha-&bc. fKiliJ:y ihauld play a futa,w role in lhE 
Ocpanm:ot of Eocrzy's 1Xitlum productiQt) ,tntzi;y. lf·~. 

n, Fut Fl~ Teat f.wlity a.t me H1a!onl Washlnp,o, 1:itaJ, c 
wst:mi ruoim;c Whidi lba'Dcpamnenc could we lA m,;mcol lhc 
c\Ul'IISlt du.ll-C"¥k sir-te.1:7 for t"?tsbliJhiq • n:w lritiwu 
proa~gn aourcc. The dual~ strategy i, th& ct.nlopmau of a 
~ial Ji,ht wati:r aut:rac option a.ad m:a· a.ccclcr&UJC Dpdori. 

tbG-FMt Plui Tut facility is ~dy la a tnm.iti..= from an 
opcruin, .sww to I da.Ktlnled,,tarw, P\ld hu be.ca maoVsd 
tnim ~ n:acrar ci;n;; bul WI •IXli!un coolam us b:11:A bpt 
cin:watinJ. Rrniov.J of di¢ sodium c00l~t would be au 
irre~iblc sup~ would aot &%low mt.an of lbc ~r. 

Aa October 1996 JA.SOJll pae.cl repoct coftCJudad lb.at the Fast fl~ 
Tat Faii;iliEy cowd be R:SWtal cq psodocc appnw:mml) ,., 
kilogams p=r )'HI af biµu.m widi zusanablc anmdieDca. The 
~[ ~red 11J C~l 1DaJ}SP by Ula CID~ 

firm _of l'Umam. Hayes, & Bartl.u of 1hc COit i.mpa-u r,C u.sini cbc 
Fut ftiiA Tal FIQlity. lb,ar fodcp:ndcnt anal)'Sb ma6c two 
spccit:ic m:cnm:0datian5: -

(1) Do 11ot cormnlt 10 lhc: immcdl&Lc res tan of lb= FNl Flux 
Tat facility. 

~) Keep Uw F&n 1'1~ Tut PK.ility-in bot Nndby » 11D 

gpiioo:.R'Vili1 lbs Fut Plu.x Te11 ficWiy swu.s io 15191 m 
the amtat of COOW~ta Ill Iba! time. 

U ~ ~ to -prca.cd wi1h Q:iac.~DGS, rhc ~lity 
would be mahltllracd ia a,~ ud maia1rNZXc t.DOda lD 
~ani:a with fed.ttaJ &Dd st.Its~- No aczigas would 

®---......... ~ 
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he Likai whlcll wou.Jd pr,:clude futw'C R5W1 gf &l:ia facilily. 
Dcaaivanon ar;ti'¥itie£ cocu;ist=t 'Mich 1hc bot"•~ mode would 
ccntinuo, sucb u cJAniug aipd JtDdnr of spent fud and other 
~core~-

Ma1Dtunlu1 ~ Jim Flux Ten F~illty ia a bot ,ta.Ddby =nditi.oa 
on one bandcmi.!inuu tboae dc.ac:tiv&Uoo activities wtic~ comp~ 
intmnaptioa ..,uold acn be C:O.St-cffc.:tiVc. At tbc same llmc ii 
allows ap~ time ·la~~ lrltlwn prc,ductiao 
pvc~ u~ wuh lh.c: fiicllity. ?ha, pwuic:4 a.ctivlry 
mlnimi~ U1C impilCl OD ciehct dc.a.cQV&bOft Df surtup of zhc 
f~ty. 

Whil• smimainln, me fa£:i.Jhy in the hCJl ,wadby C0TiditiC111. l~'t)' 
al'd liCCid.cnt con,cqucgg, anil)'IU OW could bl nacr,Rlj to 
suisf)' &be rq1un:maua of Iba ~ar;ioq•l Enviro!lmcut.Al Pglicy' A.a 
"'ouW be trildacd. Tb.la optioo would ~ults illl ~tiQOIJ SJ 
million t&J FY 1997 aad S6 rniWC7t1 in r"Y 1~1. ccmp.n:d to 
curo:nt plms. mo wawd ~ funded by lhc Offia: of Nu.dw 
Encro. Sdcnu aod TC11:MC>lol)' within iu C:Urt'ClU appro¥Cd
~ (Anxbod ii a tabla ~owl.nc bow cwnnt 111d ad4iliQMJ 
fun~ woqld b. provi,da::,d.). lo addition. dw ,.,ovj4 IJlow &iJD& to 
tc'\'i~w thi; ~ and cccb.ali;;l ~ibility of usiq JJut Fba 
Te5l f Ki!ity IQ produc;e isocapc.£ f ot u:ic by the: m~al 
cammu:u~ 

Th• Govemor of Orqou ~d the ~goa CODpqsianal dalaguiQil 
hav1P ~viou.slr c1.prc:ss,cd concern about tl-= pg,siblc rgt.n of the 
Falt Flwt Test f'acilil)' for uioum prodar:tioa. 

The South CaroUN. CcmpS5iona1 delcpti011 hu a1ao wriac:a 
RqU11$tiDg that Che~ diKontinuc any further 
~dcraticna of tb'P Fut Flui TRt F&dliry as • uidum production 
vpri'on, 

< 

The Govcmoc<lect Gf WashlaJtaa md 1evc.r&J incmbcn gf dlC 
Wuhins.ton Sea. Cangrasionu ddqllioa han voic:cd 1uppxi 
for rcmn of chc fast FJux Tal Fldlity ~ far the jalnl 
~tion ahzitiam azid .medical ilotopa. Similarly. the, ldab.q 
CkleptltJD ~.Y m_ppai,s tbs Fur flu T• ll Fmlit)'. aa it may 
iaclodc supportive roles far lbe Advui..cccl TCA lleaaor and 
Arpbll.a National ~•Wen ia ld.lbo. 

Nc:mticr. of~~ Advlloey Boaid ~y question the 
.ppaCIJ>ftaiciw" or ~t 10 ~pc:nd Environmental 
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~cnt fuzw to rnai~llia lhc Fut FllJ~ 'bsl Fa.cilicy m au 
ulaJdc4 ltmdb)' ~oDdJtion, i! ~ sok tuson far lb&t SWldby 
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Th• Secretary of Energy 
Wuhlngton, DC 20585 

May 5, 1997 

The Honorable Strom Thurmond 
Chairman 
Comminee on Armed Services 
United States Senate 
Wa.shinston. D.C. 20510-6050 

Dear Mr. Chairman: 

The National Defense Authoriz.atioo Act for Fiscal Year 1997 (Public Law 104-
201) requires the Secretary to make a final decision in fiscal ye.ar 1997 on the 
tcc:hnology to be utilized. and the acccJcrated schedule to be adopted, to make 
tritium to meet stockpile requirements. Tho Act fiuther stipulate, that if the 
decision cannot be made by April 15, 1997, the Seaewy is to submit a report on 
that date detailing why the decision cannot be made. 

In my confirmatiollhwinas. I testified that the Department would explore the 
poSSl'bility of acceleradns the selection date for a new tritium production source. 
We now have reevaluated our proarcis on both prQgrams In our dual-track 
strategy for tritium production. Bued on that review, the Department bu 
determined that advancina the selection date 10 April 1997 would be premature 
and inadvisable due to tlie •increased uncertainty and risk associated with a decision 
at this time. 

Both tbc CommerciaJ Light Water Jleactor and Acceterator programs have made 
significant progress since the dual-track approach was initiated in December 1995. 
A1 that time, the Department established a schedule f'or setectina a primary tritiwn 
production option in late 1991, c.onsistent with the requiremeats of the Department 
of Defense u set forth in the Nuclear Weapolll Stockpile Memorandum. At the 
present time. I am pleased to report that program activities are nanning ahead of 
the originally planned schedule for both progrtmS due to timely teduucal 
acluevements, effective management, and additional fundina provided by Consress 
in fiscal year 1997. Nevertheless. several additional tests and analyses - both 
technical and institutional - must be completed before we will ba.vc sufficient 
infonnatio11 and confidence necessary to support .a responn'ble technology 
decision. 

With respect to the Accelerator Production of Tritium, 18 months of progress -
including tests of materials and components o£the accelerator-have clarified 
many of the cost and teehnoloi)' issue.. The tests and analyses have aone well and 
have Increased our confidenc:e. In addition. 1't'e bave~mpleted a conceptual 
design that has been reviewed by two eminent external sclen1ific miew groups -
both indlcatina the design will work as planned. 
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Additional work must be completed, however. before an inf'ormed decision can be 
made on the AcceJ~tor Production of Tritium. The Department Is alrrently in 
the process or conducting intensive internal and external cost reviews. These 
analyses are examinina cost reductions associated with cet1ain design tradeofrs, as 
well as savinas associated whh best business practices. We do not expect 10 
complete these ana.lyses until summer 1997. In addition to fiinher c:ost analyses. 
the APT progam will benefit from the completion oFteehnotogy demonstrations in 
ar"5 involving key componenu of the aecelerator prior to a decision. 

With respect to the commercial Jijht water reactor option, 10 years or research. 
development. and 1estina have demonstrated that making tritium in these reacton 
is technically stralgbtforward. Our preliminary analysis at the lime of tM decision 
to adopt the duaJ-path stratea)' indic:ated that Ibis alternative wu also the least cost 
tritium supply alternative. This preliminary cooc:tusion will be lnf'ormed by receipt 
of proposals from utility companicUhl1 will establish the range of costs f'or the 
purdwe of a reactor(s) or irradiation services. Ia this reaard. the Department 
issued f'or comment a Draft Requm for Proposals on 11JWIJ)' 28, 1997. and 
rcc:entJy conducted a conference to receive comments and ID$Wer questions with 
regard to the draft solicitation. Additional utility comments are now beins 
Rviewcd, and modifications to the Request for Proposals will be made based on 
the comments received. We expect to issue this Request for Proposals in June; 
however. we do not expec:t .that proposals will be received and evaJuated by the 
Department unu1 the begiruuna offisul year 1998. 

Prior to a final tedmoJogy decision. the Department also intends to conduct a 
confirmatory test of tritium producing rods in the TcMessec Valley Authority• 
Watts Bar Nuclear Plant 1. The rods will be inserted in the reactor during the 
refuelinJ outage scheduled for September 1997. but we wiJl acaimulate little or no 
irradiation experience until the beJinning of next fiscal year. Insertion of these 
rods at Watts Bar wiJJ complete. on• small scale. .ite demonstratlon oflhe entire 
commercial reactor tritium production qde, &om ubric:ation or components 
through completion of regulatory approvals. "This will provide additional 
confidence to utifrties interested In 1he long-1erm production mission by confirming 
the saf'ety, Jicensability, and technical simplicity of this option. 

Congress will shortly re;civc a Jegislativ.e proposal &om the Department regarding 
the commerciaJ reactor option. The legislation is beina submitted for two 
important reasons. First. several utilities have emphasized to the Dcpanment that 

. they need to have a firm indication or congressionai support for this option. prior to 
making a commitment'to partlcipate in the tritium prOJr&m. Se<:Ond, although the 
Department ofEnerl)' believes it Jiu the ~thority within existing statutes to 
produce tritium In a commercial reactor. the Department and utilities have 
concluded that it would be desirtbte to eliminate any potential ambiguity in 
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existina statutes by providing explicit statutory authorjty tor tritium production in 
a commercial reactor. CongressionaJ actlon on 1his proposed legislation is. 
therefore, h1ghly preferable prior to malcinJ I firm decision concerning the primary 
Iona-term tritium supply o_ption. 

In short. some of the information necessary to make an wormed decision on the 
commercial liaht water reactor is not ya. available. Therefore. a decision on th1s 
track at this time is inadvisable. Moreover, I should point out that malans a 
decision in fiscal y.ear 1997 will not result in any liaruficant savings in the DW' 

term. Consistent with the Depirtment's commitment to tile Department of 
Defense and the auidanc:e of the Nuclear Weapons Council. our dual-tn.ck strategy 
1pecffles that the path not aet~ed will be developed u a backup technology. 
Thus. aD planned activities throush 1991 will be a.ccomplished regardless of which 
path ls selected as the primary. 

As a final note. I would like to remind the Committee that the Department is 
maintaining the Fast Flux Test Facility in a lt"'1fth1 condition at the Hanford site In 
Washington while we evaluate any future rote it may have in the Department's 
tritium production strategy. The Depanment will ensure th.at the evaluation or the 
Fast Flux Test Facility is consiste11t with the overall schedule for a decision on 
Aime tritium production. 

We look forward to working with Consress as we continue to pursu~ our options 
to meet our tritium requirements for the Nation's nuclear weapons atcxkplle. IC 
you have any questions, pJease contact me or have a member or your staff contact 
nr. Victor H. Reis, Assistant Swetary for Defense Programs, on (202) 586-2181. 

ce: 

Sincerely • 

....:/4 4,4q .t2._ 
The Honorable Carl Levin 
Ranking Minority Member 

Federico Peli& 
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1 This Appendix provides a detailed description of the FMEF (Appendix B.l), 
2 306-E Building (Appendix B.2), and the 325 Building (Appendix B.3). 
3 
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1 APPENDIX B.l 
2 
3 
4 FUELS AND MATERIALS EXAMINATION FACILITY 
5 GENERAL DESCRIPTION 
6 
7 
8 The FMEF was built during the late 1970 1 s and early 1980 ' s as a major 
9 add i tion to the breeder reactor technology development program on the Hanford 

10 Site. 
11 
12 The FMEF consists of a 98-foot-high Process Building with an attached 
13 Mechanical Equipment Wing on the west side, and an Entry Wing across the south 
14 ( or front) side. 
15 
16 The Mechanical Equipment Wing houses utility and support equipment, 
17 i ncluding: water treatment equipment , air compressors, and a portion of the 
18 air conditioning equipment . 
19 
20 The Entry Wing contains space for reactor fuel .assembly (recently used as 
21 a training facility in support of the Hanford Site cleanup mission), lunchroom 
22 and change rooms, and heating and air conditioning equipment associated with 
23 t he Entry Wing. Personnel access into the Process Building is also provided 
24 via a Security Guard Station and automated personnel access control portals 
25 located on the first floor of the Entry Wing. Office space and administrative 
26 support areas are housed on the second floor of the Entry Wing. 
27 
28 The 175-foot wide by 270-foot long Process Building provides 
29 approximately 188,000 square feet of operations space. The 98-foot height 
30 makes the Process Building as tall as a seven-story office building . The 
31 Process Building also extends 35 feet below ground. The building is divided 
32 i nto si x operating floors (or levels), which are identified by elevation 
33 relative to ground level and primary function. 
34 
35 
36 70 1 Level. The topmost floor, at the 70 foot elevation, is called the 
37 Secure Automated Fabrication Level. This area contains the Secure Automated 
38 Fabrication line , automated fabrication equipment originally designed to 
39 produce reactor fuel . Nuclear fuel material was to be received from a floor 
40 below via a dumbwaiter type conveyor system, and fed into the automated 
41 process line to be formed into individual fuel pellets, which would be 
42 i nserted into stainless steel tubing to produce fuel pins. The operations on 
43 t his level were to be performed using automated process controls to ensure 
44 that the required fuel purity and integrity requirements are satisfied. An 
45 Operations Control Center, located on a mezzanine at the 82 foot level, was 
46 provided to coordinate fuel supply activities and to provide accountability of 
47 nuclear fuel material . 
48 
49 
50 42 1 -6 11 Level. The floor below the Secure Automated Fabrication Level, at 
51 t he 42 foot-6 inch elevation, was to be the Fuel Fabrication Level. This 
52 level consists of two separate operating areas - one designated as the low 
53 gamma test pin fabrication and development area, and the other as the Unit 
54 Process Cell . This level provides approximately 5,100 square feet of 
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1 operating space located around the central Unit Process Cell. Originally, 
2 special test fuel pin assemblies were to be fabricated in this area. The low 
3 gamma section was intended to contain equipment for processing fuel powders 
4 having low gamma radiation levels into fuel pellets and then into test fuel 
5 pins. Most of this work was intended to be performed in gloveboxes to prevent 
6 contamination and to reduce exposure of personnel to radioactive fuel material 
7 used. None of the gloveboxes or other related equipment were installed . 
8 
9 The Unit Process Cell is a highly shielded area intended for the future 

10 development of remote fabrication and maintenance equipment, or for the 
11 production of high gamma test pins. The radiation shielding is provided by 
12 thick concrete walls. This cell is not equipped at this time . 
13 
14 
15 21'-3 11 Level. The Chemistry Level, at the 21 foot-3 inch elevation, 
16 surrounds the upper portions of the Nondestructive Examination Cell and the 
17 Decontamination Cell, which extend upward from the floor below. This level 
18 was designed to contain equipment to perform the complex chemical analyses of 
19 fuel material necessary to support fuel fabrication work. Much of the work in 
20 this area was to be performed in gloveboxes to reduce personnel radiation 
21 exposures. The area encompasses about 8,500 square feet of operating space. 
22 
23 Also, located on this level, is an automated system for handling and 
24 storing the special nuclear material such as the feed material for the fuel 
25 fabrication processes. The special nuclear material storage vault, a shielded 
26 secure vault, would be used to automatically store special nuclear material. 
27 The vault hardware consists of: a storage/retrieval machine, an industrial 
28 robot, a vertical reciprocating conveyor, a bar code reader, and a metric 
29 balance. All equipment was designed to be computer controlled with 
30 supervisory control provided from a computer system. The vault was designed 
31 to be operated as a clean vault with a fresh air atmosphere. Personnel access 
32 into the vault is through the Class V vault door. Material access into the 
33 vault is through the vertical reciprocating conveyor door adjacent to the 
34 personnel door. The concrete used for the walls, ceiling, and floor 
35 surrounding the vault is normal density concrete, primarily for neutron 
36 shielding. All of the hardware listed has been installed. 
37 
38 The vault provides two 10 x 13 storage rack arrays each with 130 storage 
39 locations·that each could hold one storage pallet. The two types of existing 
40 pallets are designed to hold the two different types of canisters. There are 
41 now 120 six-hole pallets and 138 two hole pallets located in the vault. The 
42 canisters that could be stored in the two hole pallets are the double-door 
43 special nuclear material transfer canisters {'french cans') that are 
44 compatible with the Secure Automated Fabrication Line. The canisters that 
45 could be stored in the six hole pallet are food pack can holders unique to 
46 previous operations in the 308 Building. 
47 
48 
49 Entry Level. The Entry Level at the zero foot elevation, or ground 
50 level, is the main operating floor of the Nondestructive Examination Cell 
51 {which also extends into the floors above and below) . The Nondestructive 
52 Examination Cell was designed to contain remotely operated equipment for the 
53 nondestructive examination of irradiation fuel assemblies and pins. 
54 Maintenance and decontamination of equipment was to be performed in the 
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adjacent Decontamination Cell. The Entry Level also contains the computer 
room and the operations control room . 

Inert gas systems and building air exhaust equipment also are located 
the Entry Level. Many of the cells in the FMEF were designed for an inert 
atmosphere (normally nitrogen) to eliminate any possibility of fire in the 
cells, and to preclude water or air reactions with the materials handled in 
the cells. 

The Shipping and Receiving Area, which comprises approximately 

on 
gas 

5,400 square feet of operating floor space, is located at the extreme east end 
of the Process Building on the Entry Level. The area includes a liquid waste 
loadout station, a solid waste storage area, a truck lock, and a large high 
bay material handling area. 

16 The Shipping and Receiving Area provides both vehicular and 
17 standard-gauge railroad car access to the facility via the north truck lock. 
18 Capabilities for washdown and decontamination of transport vehicles and 
19 shipping containers are provided within the truck lock. The effective working 
20 length of the truck lock is approximately 80 feet, which is separated from the 
21 material handling area by a steel rollup door that provides a 16- by 22-foot 
22 clear opening into the building. A second similarly-sized truck lock, which 
23 connects with the south end of the material handling area, is located next to 
24 the Entry Wing. This truck lock provides vehicle access for spare parts and 
25 fuel material shipments. Only one of these doors will open at any given time 
26 to prevent disturbing the air balance maintained in the Main Process building. 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 

The central feature of the material handling area is a 75-ton overhead 
bridge crane that would be used to transfer shielded shipping casks to the 
Entry Tunnel on the floor below. This area was designed to provide coverage 
of the two 30-inch penetrations in the roof to the Decontamination Cell (at 
the 42 ' -6" elevation). The crane is equipped with two auxiliary hoists. A 
20-ton hoist was provided to transfer small casks between the Shipping and 
Receiving Area and the Fuel Fabrication Level (42'-6" elevation). A second 
hoist (IO-ton capacity) was provided to service the High Gamma Receiving Area 
and the Unit Process Cell Transfer Lock on this level. Space was provided 
within the handling area for short-term storage of empty casks and shipping 
containers. Crane access to the lower levels of the build~ng is provided by 
four floor hatches on the west side of the handling area. The northernmost 
hatch (8 feet by 10 feet) was to provide access for movement of small casks, 
equipment, and materials into the area that connects with the DE Cell transfer 
corridor. The three remaining hatches (10 feet by 10 feet each) provide 
access to the Suspect Repair Area, the Entry Tunnel, and the DE Level 
equipment corridor. · 

Minus 17'-6" Level. The Equipment Level, at the minus 17 foot-6 inch 
elevation, was designed to contains a variety of support equipment, including 
two separate electrical switchgear rooms, emergency air compressors (which 
were recently removed), heating and ventilation system air supply equipment, 
Nondestructive Examination Cell inert atmosphere equipment (which was recently 
removed), emergency batteries, analytical chemistry cell exhaust equipment 
(which was recently removed), and building air filtering system components. 
Also included is the vacuum equipment associated with the vacuum and air 
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1 sample vacuum systems. The vacuum system was designed to provide process 
2 vacuum to support hot cell operations including a pneumatic transfer system 
3 that was to be used to rapidly transport small items between cells or areas of 
4 the building (but was not used for the Secure Automated Fabrication Line 
5 sample transport system). This support equipment is located in individual 
6 rooms surrounding the heavily shielded lower Nondestructive Examination Cell, 
7 the main portion of which is located on the floor above. The upper portions 
8 of the Hot Equipment Repair Area and the Suspect Equipment Repair Area also 
9 extends upward to the 17'-6" level from the floor below. The Hot Repair Area 

10 communicates with the Decontamination Cell on the floor above and was to 
11 include provisions for decontaminating and packaging in-cell equipment for 
12 disposal. lhe Suspect Repair Area was designed to facilitate repair, rebuild, 
13 or calibrate in-cell equipment. The Entry Tunnel on this level was designed 
14 to house a large cask transporter (not installed) to transfer radioactive 
15 materials between the Shipping and Receiving Area and the Decontamination Cell 
16 or Nondestructive Examination Cell on the floor above . The transporter was to 
17 connect with the Shipping and Receiving Area via hatches in the floor, and 
18 with the decontamination and nondestructive examination areas through sealed 
19 ports in the floor of each cell. This level also contains the control room 
20 for the one megawatt (thermal) TRIGA reactor (a train i ng, research, isotope 
21 reactor manufactured by General Atomics Corporation) that was never installed. 
22 
23 
24 Minus 35' Level. The DE Cell level, at the minus 35-foot elevation, 
25 contains cells originally intended for destructive examination of fuels and 
26 materials samples. These cells are arranged in two parallel rows along a 
27 horizontal transfer corridor that was to be used to transfer equipment between 
28 individual cells. The transfers would have been accomplished using a large 
29 equipment transfer system (which was never installed) to provide the necessary 
30 radiation shielding, and allow the transfers to be made without disturbing the 
31 inert environment inside the cells. The DE Cell area is heavily shielded, and 
32 work in the cells would have been performed using remotely operated equipment. 
33 
34 The Entry Tunnel extends from below the Shipping and Receiving Area floor 
35 to the DE Level floor (32-1/2 feet total height). The Entry Tunnel was 
36 designed to house a 75-ton rail-mounted transporter intended to transfer casks 
37 between the Shipping and Receiving hatch and the Decontamination Cell and 
38 Nondestructive Examination Cell floor penetrations. The transporter rails are 
39 located roughly halfway up (16'-2" elevation) the tunnel. 
40 
41 The DE Level also houses equipment for removing sodium (the coolant used 
42 in the FFTF reactor) from fuel assemblies (although this equipment has been 
43 removed), liquid waste handling equipment, the TRIGA reactor (which was never 
44 installed), and film processing areas (which were never equipped). 
45 
46 The TRIGA reactor was included in the facility design to provide a 
47 collimated neutron source for performing radiography of irradiated assemblies 
48 or pins that were to be lowered into the adjacent target room from the 
49 Nondestructive Examination Cell above. An automated film loading system was 
50 designed to transport special film cassettes from the photographic laboratory 
51 area, and accurately position these in the target room for exposure to the 
52 neutron beam generated by the reactor. 
53 
54 
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1 FUELS AND MATERIALS EXAMINATION FACILITY PROCESS HOT CELLS 
2 
3 Decontamination Cell. The Maintenance and Decontamination Cell, a major 
4 point of entry to the FMEF cell complex, was intended to be used to 
5 decontaminate fuel pins, irradiated capsules and materials for transfer to 
6 other facilities, decontaminate in-cell equipment for contact maintenance or 
7 disposal, and to package high-level waste in clean containers for disposal. 
8 
9 The cell is 40 feet wide, 30 feet long, and extends from the Entry Level 

10 floor to the bottom of the Fuel Fabrication Level floor (approximately 
11 38 feet). The west wall of the cell is shared in common with the 
12 Nondestructive Examination Cell. Work stations (three to a side) with 
13 manipulators and viewing windows (none of which are installed) are located 
14 around the rest of the cell. 
15 
16 In-cell material handling capability was to be provided by a 5-ton bridge 
17 crane (with the rails installed at elevation 31'-10" from the cell floor) and 
18 a 1.5-ton electro-mechanical manipulator (with the rails installed at 
19 elevation 25'-9" from the cell floor). A penetration in the cell ceiling from 
20 the floor above was provided to accommodate a 7.5-ton bridge removal hoist to 
21 be used to service the Decontamination Cell bridges and trolleys. The cell 
22 ceiling also contains four large penetrations. A 5.25-foot-square sliding 
23 hatch was provided to allow large objects to be moved to and from the Unit 
24 Process Cell via a transfer lock. A 30-inch diameter opening was provided for 
25 access to the Waste Assay Cubicle. Two other 30 inch openings were designed 
26 for access into the cell by bottom-loading casks handled by the 75-ton 
27 building crane. 
28 
29 Direct transfer of materials between the Decontamination Cell and the 
30 Nondestructive Examination Cell was to be provided by a 12-inch-square vacuum 
31 lock pass-through and a 24-inch vacuum lock pass-through penetrating the 
32 commorr wall. 
33 
34 The 5-foot-thick Decontamination Cell floor is penetrated in two 
35 locations to provide access via the Entry Tunnel Transporter system. A 
36 30-inch diameter port is located in the southeast corner of the cell, and a 
37 12-inch diameter opening is located in the southwest corner. Two large 
38 84-inch diameter hatches penetrate the floor on the west side of the cell to 
39 provide access to the Hot Repair Area directly below. 
40 
41 
42 Nondestructive Examination Cell. The Nondestructive Examination Cell was 
43 intended to provide the capabilities to dismantle, examine, and reconstitute 
44 fuel assemblies; and to nondestructively examine and store both fuel pins and 
45 non-fueled test pins. The Nondestructive Examination Cell is 40 feet wide, 
46 100 feet long, and 38 feet high. In addition, a 15-foot deep subcell under 
47 about two thirds of the cell is accessible via removable floor plates. The 
48 subcell was intended to provide storage for fuel assemblies, pins, and 
49 equipment. The cell walls are high density concrete approximately 4-feet 
50 thick in the operating areas, and are normal concrete about 5-feet thick in 
51 the non-access areas. 
52 
53 A total of 27 work stations with manipulators and viewing windows (none 
54 of which were installed) are located in the operating corridor around the 
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1 cell. Of these, 22 stations are located on the 0'-0 11 elevation and 5 are 
2 located on the 12'-0 11 elevation work platform on the south side of the cell. 
3 
4 The Nondestructive Examination Cell was designed to include two 5-ton 
5 bridge cranes operating side-by-side on a single set of rails located at the 
6 31'-10 11 elevation. Two 1.5-ton electro-mechanical manipulators operating 
7 side-by-side on a single set of rails located at the 25'-9" elevation also 
8 were included in the design. None of these pieces of equipment were 
9 installed. 

10 
11 In addition to the penetrations into the Decontamination Cell, a 12-inch 
12 diameter perietration was provided in the ceiling to communicate with the Unit 
13 Process Cell and two 36- by 48-inch floor penetrations extend down into the 
14 path of the TRIGA reactor beam tubes. A 12-inch diameter port located in the 
15 floor at the southeast corner of the cell also was provided to interface with 
16 the Entry Tunnel Transporter. A 6-foot diameter vacuum lock in the northeast 
17 corner of the cell allows movement of large objects between this cell and the 
18 Decontamination Cell. Access to the Pin Cutting Cell on the floor below was 
19 provided by two access hatches in the cell floor. A 15- by 27-inch hatch was 
20 provided for a pin elevator to be used to transfer fuel pins to the pin 
21 cutting stations. The other hatch ( 40 by 60 inches) was to be used to 
22 transfer large items between the Pin Cutting and Nondestructive Examination 
23 Cells. 
24 
25 
26 Unit Process Cell. The Unit Process Cell, located directly above the 
27 Nondestructive Examination Cell on the 42 1 -6 11 elevation, was designed to 
28 provide space for future development of remotely operated and maintained fuel 
29 fabrication equipment and processes involving the use of high gamma oxide or 
30 carbide fuels. The 1,800 square foot cell is steel-lined and was designed to 
31 operate with an inert atmosphere. Transfers to the cell were intended to be 
32 made via an adjacent 195 square foot Transfer Lock that communicates with the 
33 Decontamination Cell below. 
34 
35 
36 High Gama Receiving and Assay Cell. The High Gamma Receiving and Assay 
37 Cell is located above the Decontamination Cell adjacent to the Unit Process 
38 Cell and the Transfer Lock. This cell provides about 1,000 square feet of 
39 unequipped cell space originally intended for future capability for receipt 
40 and temporary storage of high gamma fuel feed stock. 
41 
42 
43 DE Cells. The 13 individual DE cells are arranged in two parallel rows 
44 and share a common access transfer corridor. The complex is approximately 40 
45 feet wide by 99 feet long. With the exception of the Pin Cutting Cell, each 
46 DE cell is 14 feet high and lined with stainless steel. The Pin Cutting Cell 
47 reaches to the Entry Level floor where it mates with the Nondestructive 
48 Examination Cell (about 30 feet total height). The cell liner is carbon steel 
49 with a flame-sprayed zinc surface coating to reduce corrosion and visual 
50 glare. High density concrete is used for all walls of the Pin Cutting Cell, 
51 and on the front face and sides of the other cells. 
52 
53 The Pin Cutting Cell is approximately 8 feet wide by 33 feet long with 
54 five work stations. Of the other cells, four cells are 6 feet wide by 

971121.1232 APP B.1-6 



HNF-1855, Draft B 

1 6-1/2 feet long with one work station each, one cell is 6 feet wide by 13 feet 
2 long with two work stations and the last cell is 6 feet wide by 26-1/2 feet 
3 long with four work stations. Each work station was to include a shielded 
4 viewing window and manipulators, none of which have been permanently 
5 installed. 
6 
7 
8 Repair and Maintenance Areas. A 510 square foot Hot Equipment Repair 
9 Area and a 750 square foot Suspect Equipment Repair Area are located on the 

10 minus 35' and minus 17 1 -6 11 levels. These two adjacent maintenance areas were 
11 designed to allow repair or disposal packaging of contaminated in-cell 
12 equipment. The two cells are separated by an east-west glove wall partition 
13 constructed of carbon steel. The glove wall provides five work stations 
14 equipped with windows and gloveports and a 24-inch diameter wall hatch. A 
15 portion of the L-shaped Hot Repair Area extends under the southern portion of 
16 the Suspect Repair Area at the minus 17 1 -6 11 elevation. A maintenance glovebox 
17 designed for hands-on maintenance is located on the minus 17 1 -6 11 elevation of 
18 the Suspect Equipment Repair Area above the L-shaped portion of the Hot Repair 
19 Area. Five wotk stations with windows are provided on each side of the 
20 glovebox. The glovebox interior is directly connected to the Hot Equipment 
21 Repair Area. 
22 
23 
24 FMEF VENTILATION SYSTEMS 
25 
26 Main Process Facility Ventilation Systems. The Process Building is 
27 designed as a confinement structure. With the operation of the heating, 
28 ventilation, and air conditioning exhaust system, confinement of radioactive 
29 materials for normal and abnormal conditions and for design-basis accidents 
30 were provided. The building is designed as a multi-use facility with 
31 different types of operations segregated by floors or compartments. The 
32 ventilation is arranged into four zones with each of the zones commensurate 
33 with the contamination potential of each area's operations. In general, the 
34 highest potential contamination zones are surrounded by zones of lesser 
35 contamination potential. Differential pressure (more negative with higher 
36 contamination potential) and/or flow direction (toward higher contamination 
37 potential) were to be used to accomplish the control required. 
38 
39 The main process building ventilation system would supply filtered, 
40 tempered outside air to Zone II, III, and IV areas. The majority of these 
41 areas contain fan coil units for heating and cooling, and supply air is 
42 introduced directly into the space. Outside air is drawn through a single 
43 tornado-hardened intake shaft, with seismically and tornado-hardened isolation 
44 dampers, located on the south side of the building. Air is ducted from the 
45 shaft to two 50% capacity plenums. Each plenum houses a heat recovery coil, 
46 electric preheat coil, 35% efficiency roll filter, 80% efficiency prefilter, 
47 and a chilled-water cooling coil. Supply air is drawn through the plenums by 
48 two 50% capacity supply fans (40,000 cubic feet per minute). A third 50% 
49 capacity fan is maintained on automatic standby. All Zone I air ventilated 
50 areas use once-through air flow and are supplied with transfer air from 
51 Zone II and III areas. 
52 
53 The Process Building exhaust system would provide ventilation and process 
54 exhaust and the capability for the confinement zone pressure differentials 
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needed throughout the building. Exhaust air from Zone I, II, and III , as well 
as from process systems, would pass through the heating, ventilation, and air 
conditioning exhaust system. All exhaust air would pass through a minimum of 
two stages of testable high-efficiency particulate air filters before 
discharge to the atmosphere through the exhaust stack. Exhaust from Zone II 
special nuclear material handling areas on the upper thre~ floors would pass 
through a minimum of three high-efficiency particulate air filter stages . In 
Zone II areas on the Entry Level and below (where contamination potential was 
expected to be very low}, only the two final high-efficiency particulate air 
filters stages were provided . Exhaust from Zone I spaces or enclosures would 
pass through a minimum of one high-efficiency particulate air filter stage at 
the connection point with the exhaust system and one additional testable high
efficiency particulate air filter before entering the heating, ventilation, 
and air conditioning exhaust system upstream of the final two stages of HEPA 
filters . Exhaust from the Zone I open-face hood exhaust system on 
Level 21-ft 3-in. also would be treated by a water/air scrubber located in 
Room 303 on the entry level. 

Exhaust system equipment, located in Rooms 306 and 307 on the north side 
of the Entry Level, are protected from exposure to fires by 4-hour- rated fire 
walls. All equipment and components within these rooms are Seismic Category I 
to control radioactive release paths in the event of an earthquake. A walk-in 
high-efficiency particulate air filter plenum was provided for the final two 
filtration stages . Building exhaust air is drawn through the plenums by two 
50% capacity exhaust fans (referred to as the building exhaust fans) each with 
a design capacity of 40,000 cubic feet per minute at 20 inch water for a total 
normal exhaust flow of 80,000 cubic feet per minute . A third fan is available 
for backup operation. 

Exhausted air is discharged from the main exhaust stack above the roof. 
The main stack is located on the north wall just east of the center portion. 
This stack is constructed of reinforced concrete and is part of the 
seismically qualified structure. Its release height is 117 feet, which is 
just above roof level. Releases from this stack are considered to be at 
ground level for dose commitment calculations purposes because of the wind 
shadow potential caused by the structure. 

38 The ventilation in areas handling powdered oxide special nuclear material 
39 is provided by a two-stage high-efficiency particulate air-filtered 
40 recirculating system (this includes the upper three floors at elevations 
41 21'-3", 42'-6" and 70'). This system provides high-volume exchange rate and 
42 ceiling-to-floor flow direction for operator protection. In general, one 
43 change per hour purge with fresh air is combined with eight changes per hour 
44 recirculation flow in the areas served. Two separate recirculation subsystems 
45 are provided. One serves the Secure Automated Fabrication Line 
46 (70' elevation) . The second serves the areas located on the 21'-3" and 42'-6" 
47 elevations. Each subsystem includes three 50% capacity fan/filter 
48 combinations, one of which serves as standby. In addition, the two subsystems 
49 · can be combined with the use of manual isolation valves, permitting additional 
50 standby capacity for either system. 
51 
52 
53 
54 

The Secure Automated Fabrication enclosures use the recycle/environmental 
nitrogen system that allows inert environmental conditions to be maintained 
inside of the process gloveboxes without consuming a large volume of nitrogen. 
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1 Exhaust capacity for Secure Automated Fabrication Zone I enclosures will 
2 accommodate 10 pairs of breached gloveports or one breached gloveport and one 
3 broken 0.25-inch, 90 pounds per square inch gauge compressed gas line. The 
4 Secure Automated Fabrication enclosure environmental monitoring includes 
5 pressure differential, oxygen concentration, temperature, and rate of heat 
6 rise. Each box is instrumented and alarmed for atmosphere, temperature, and 
7 pressure excursions. 
8 
9 

10 Support Facility Ventilation Systems. The Emergency Equipment Wing is 
11 served by three heating, ventilation, and air conditioning systems, two of 
12 which provide ventilation to the switchgear and turbine generators to optimize 
13 performance (one room exhaust fan in each generator room). The third system 
14 provides heating and cooling for the emergency cooling water system equipment 
15 room. The two generator room systems are required to maintain maximum 
16 generator output during warm outdoor temperatures in case of a loss of power/ 
17 generator operating conditions. The exhaust from these heating, ventilation, 
18 and air conditioning systems is nonradioactive, heated air. Two turbine 
19 generator exhaust stacks, on the Emergency Equipment Wing roof 30 feet above 
20 ground level, remove the heat and combustion products from the turbine engines 
21 when operated. The effluent in these stacks is propelled simply by the 
22 engine's operation. · 
23 
24 Separate heating, ventilation, and air conditioning systems are provided 
25 for the Entry Wing and the South Truck Lock. These areas are all Zone IV 
26 (same as outside) and have no specialized features or qualifications for 
27 accidents. 
28 
29 The Mechanical Equipment Wing is served by a separate heating, 
30 ventilation, and air conditioning system. It provides cooling through a 
31 combination of outside air supply and chilled water coils. This area has no 
32 radioactivity-handling capacity and is not filtered or monitored. 
33 
34 Exhausters are provided for parts of the Entry Wing, the Fuel Assembly 
35 Area Battery Room, and the South Truck Lock that exhaust to the outdoors at 
36 roof level. 
37 
38 
39 FUELS AND MATERIALS EXAMINATION FACILITY GENERAL FACILITY SUPPORT SYSTEMS 
40 
41 Facility Elevators. There are four elevators located in the FMEF. Three 
42 of these are personnel elevators that serve the Entry Level and the upper 
43 floors. The fourth is a freight elevator that serves -all major elevations of 
44 the main Process Building. The freight elevator is approximately 14 feet wide 
45 by 14 feet deep by 10 feet high and is rated at 16,000 pounds. 
46 
47 
48 Site and Facility Electrical Systems. The FMEF is connected to two 
49 115-kilovolt electric power supply sources, each supplied from separate 
50 portions of the Bonneville Power Administration's power grid. This is 
51 transformed to supply power at 13.8 kilovolt to the main 400 Area substation. 
52 Conversion of this power to 480 volts for use occurs in two redundant 
53 transformer facilities located just north of the Process Building. 
54 
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1 The FMEF also is provided with an emergency power generating system that 
2 is independent of all other area loads and includes two 900-kilowatt gas 
3 turbine generators providing redundant power to vital loads. Fuel capacity is 
4 provided for 24 hours of continuous operation. The turbine fuel oil is stored 
5 in an underground tank at the northwest corner of the Process Building just 
6 north of the Mechanical Equipment Wing. The gas turbines, fuel tank, piping, 
7 pumps, and associated support equipment are all seismically qualified for the 
8 design-basis earthquake. This system is located in the Emergency Equipment 
9 Wing, which is appended to the northwest corner of the Process Building. 

10 
11 An uninterruptible power system also is provided. The system is composed 
12 of two ISO-kilovolt-ampere uninterruptible power system systems with lead 
13 calcium batteries capable of supplying power for 0.5 hour at full load, supply 
14 systems for which continuous power is desirable or required as emergency 
15 generators require 2 minutes to begin replacing normal power. 
16 
17 
18 Instrumentation and Alarms. The distributed electronic control system 
19 performs the control, monitoring, and alarm functions required to operate the 
20 FMEF systems. All the functions can be performed from the operations control 
21 room on the Entry Level of the Process Building under normal operating 
22 conditions. Local systems control cabinets are provided at selected l~cations 
23 for the operation and monitoring of vital systems in the event of a failure in 
24 the control room equipment. The vital systems also have redundant local 
25 controllers. The operating staff can alter or adjust the mode of operation, 
26 the operating level, and the alarm points for the utility process systems from 
27 the operations control room. This feature is key-lock protected. In addition 
28 to its process control and monitoring functions, the system monitors (for 
29 status only) other systems such as the electrical power distribution system. 
30 
31 The distributed electronic control system provides two alarm levels for 
32 all monitored systems. All alarm conditions are indicated visually on the 
33 console. Priority 1 status is given to all safety and high economic 
34 consequence conditions (displayed in red), where as all other conditions are 
35 considered operating parameter alarms (displayed in yellow). The Priority 1 
36 alarms are accompanied by an audible annunciation. Functional requirements 
37 for the instrumentation and control system under normal conditions are control 
38 the FMEF systems; monitor the system operating status, alarm the operating 
39 staff if any parameter exceeds a preset limit, log and record all alarms, 
40 record historical trend data for system parameters, and provide color graphic 
41 displays of the FMEF systems. 
42 
43 
44 Site and Facility Water Supply Systems. The FMEF is connected to two 
45 water supply systems that both originate from 400 Area wells. The sanitary 
46 water system and the fire water supply system are combined in the 400 Area 
47 storage tank and main piping runs. The sanitary pumps are allowed to access 
48 only the upper portion of the storage tank while the fire protection pumps can 
49 access all water in the tanks. The sanitary pumps provide system pressure 
50 during normal conditions. If the system use causes the pressure to drop below 
51 normal limits, the fire pumps automatically activate to maintain system 
52 pressure. The 400 Area main piping runs are designed as loops to allow 
53 isolation of any leg section with the rest of the loop remaining in service. 
54 Each main line take-off has one valve on each side of the take-off and one 
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1 valve in the take-off. The p1p1ng for sanitary and fire protection is 
2 separate from the main line into each facility. 
3 
4 
5 Site and Facility Sewer Systems. The FMEF has two sewer system 
6 connections, process waste and sanitary waste. These systems connect to the 
7 common 400 Area systems that empty into a sanitary drainfield and a process 
8 waste percolation pond, respectively. Neither of these systems handle 
9 radioactive waste. 

10 
11 
12 Retention Liquid Waste System . . This system provides for collection and 
13 transfer of all uncontaminated aqueous liquid waste generated in the facility 
14 that is not disposed by the Sanitary Waste System. The discharges are 
15 normally clean but suspect because of the potential for containing radioactive 
16 contamination. The liquid waste comes from janitor sinks, support shop sinks, 
17 floor drains, emergency shower and eyewash, fire water test drain, 
18 uninterruptible power supply room, film processing room sink (not installed), 
19 metallographic photographic laboratory sink (not installed), TRIGA 
20 photographic laboratory sink (not installed), photochemical makeup (not 
21 installed), and scanning electron microscope (not installed). The liquid 
22 waste from these sources would flow by gravity (or by sump pumps located on 
23 Level 35-ft 0-in.) to the 6,000 gallon retention waste tanks. Following an 
24 operator command to distributed electronic control system, the collection 
25 tanks contents would be recirculated with one of two redundant pumps. The 
26 tanks contents would be sampled manually during the recirculation period. The 
27 tank's contents would be pumped following receipt of results (again by 
28 operator command through distributed electronic control system) to either the 
29 process sewer system or the radioactive liquid waste system. The second tank 
30 would collect waste while the full tank is recirculated, sampled, and 
31 dispositioned. 
32 
33 
34 Chilled Water System 
35 
36 The chilled water system for the heating, ventilation, and air 
37 conditioning is a closed-loop recirculating system that provides chilled water 
38 to all the heating, ventilation, and air conditioning in-duct cooling coils 
39 and fan-coil units in the Process Building and.Mechanical Equipment Wing. 
40 Chilled water is pumped by two 50% capacity circulating pumps to the cooling 
41 coils throughout the facility. The water picks up heat at the coils and 
42 returns to three 33% capacity centrifugal chillers piped in parallel. Each 
43 chiller can provide 350 tons of cooling and is capable of unloading to 10% of 
44 full capacity. The circulating pumps circulate 1,800 gallons per minute. The 
45 chilled water system is a constant-flow system. The cooling coils are 
46 controlled individually by thermostatically operated three-way valves. A 
47 chemical mixing tank is piped in parallel to the pumps to provide a means of 
48 introducing water treatment chemicals to the system. A compression tank with 
49 inert gas blanketing is connected to the air separator for system water 
50 expansion, located just upstream from the pumps. This prevents cavitation of 
51 the pumps by providing a net positive suction head. Process water is provided 
52 to the system for make-up. The system contains instrumentation for pressure 
53 and temperature monitoring. 
54 
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3 The chilled brine system is a closed-loop recirculating system designed 
4 to provide cooling for the hot cells. The functions were deferred and the use 
5 changed to provide Entry Wing and Fuel Assembly Area heating, ventilation, and 
6 air conditioning cooling. 
7 
8 A 50% a·queous ethylene glycol solution is pumped by two 50% capacity 
9 circulating pumps to the Entry Wing and Fuel Assembly Area heating, 

10 ventilation, and air conditioning units. A third 50% capacity circulating 
11 pump is on standby and will automatically come on-line if one of the operating 
12 pumps stop. The chiller package is a 150-ton built-up system that includes 
13 three 50% capacity reciprocating compressors, two 100% capacity condensers, 
14 and two 100% capacity evaporators. The compressors are controlled so that 
15 each unit will start automatically until the required cooling temperature is 
16 attained. The compressors can be unloaded to 33% of full capacity. The 
17 chilled brine system is a constant pressure system. Heat exchangers are 
18 controlled individually with automatically operated two-way valves. The 
19 chiller package, pumps, and tanks are located in the Mechanical Equipment 
20 Wing. The chemical mixing tank is piped in parallel to the pumps to provide a 
21 means of introducing ethylene glycol and water treatment chemicals, if 
22 required, into the system. For system coolant expansion a compression tank 
23 with inert gas blanketing is connected to the air separator, which is located 
24 just upstream from the pumps. Process water is provided to the system for 
25 make-up. The system contains instrumentation for pressure and temperature 
26 monitoring . 
27 
28 
29 FUELS AND MATERIALS EXAMINATION FACILITY SUPPORT SYSTEMS USED FOR MIXED OXIDE 
30 FUEL FABRICATION 
31 
32 The following utility services and special gases were installed for use 
33 by the Secure Automated Fabrication Line for the fabrication of mixed oxide 
34 fuels: 
35 
36 
37 Normal Inert Gas (N2) Supply System. This system provides the nitrogen 
38 gas for use in gloveboxes, enclosures, windows, pneumatic actuators, various 
39 tank blanketing, and other areas. It was designed with capacity for 
40 atmosphere support of hot cells (deferred) : 
41 
42 Liquid nitrogen is stored in a 9,000-gallon cryogenic storage tank 
43 (located north of the main Process Building) equipped with a 15,000 standard 
44 cubic.foot per hour vaporizer and pressure regulator to produce 5,280 standard 
45 cubic feet per hour flow at 125 pounds per square inch gauge). The total 
46 standard temperature and pressure volume available is 828,700 standard cubic 
47 feet). Instrumentation is provided for liquid level and pressure monitoring. 
48 This equipment is installed but never has been operated. 
49 
50 
51 Argon Supply System. As designed, the liquid argon for the argon supply 
52 system would be stored in a 2,800-gallon cryogenic storage tank (future) to be 
53 located outside the building. The total standard temperature and pressure 
54 design volume is 312,000 standard cubic feet). A vaporizer gasifies the 
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1 liquid, which is collected in a 97-cubic foot receiver tank. The gas is 
2 distributed at 125 pounds per square inch gauge to the laboratories and Secure 
3 Automated Fabrication. The piping associated with this system has been 
4 installed (including that required to provide future service to some of the 
5 deferred hot cells) and the concrete pad and support structure are in place, 
6 but the cryogenic storage tank has never been procured or installed. 
7 Instrumentation is provided for liquid level and pressure 'monitoring. 
8 
9 

10 Nitrogen/Hydrogen Supply System. In the nitrogen/hydrogen supply system, 
11 the nitrogen/hydrogen mixture (8% H2) was to be supplied by a blending 
12 station. A small building designed for the purpose of storing and mixing 
13 flammable gasses is located north of the main Process Building. The system is 
14 designed to provide 3,720 standard cubic feet per hour maximum for the Secure 
15 Automated Fabrication furnaces. The H2 was to be maintained at ±1% of the 
16 hydrogen component percentage. The mixed gas supply provided to the building 
17 is at 50 pounds per square inch gauge. The blending system (currently in 
18 storage) is protected for flammable gas handling. Out-of-limits conditions on 
19 any parameter in the mixing equipment causes the H2 supply to be valved off. 
20 Because the hydrogen concentration rapidly diffuses in air, only flammable 
21 conditions are possible with this system's failure . 
22 
23 
24 Argon/Sulfur Hexafluoride Supply System. In this system, the 
25 argon/sulfur hexafluoride mixture (15% SF6) is supplied by a blending station 
26 currently located in the pin loading room at elevation 70'. The system was 
27 designed to provide 60 standard cubic feet per minute to the pulse magnetic 
28 welder current switches at 100 pounds per square inch gauge . The SF gas was 
29 to be supplied by cylinders and the argon was to be supplied by faci~ity argon 
30 system . Because pulsed magnetic welding will not be used for the new proposed 
31 mission, this system will not be required. 
32 
33 
34 Helium Supply System. In this system, the helium stored in two 
35 IA cylinders is reduced in pressure to 125 pounds per square inch gauge and 
36 supplied at the rate of 42 standard cubic feet per minute to the TRIGA target 
37 room (deferred), laboratories, and fuel fabrication areas. The cylinders 
38 (when installed) and manifolds are located outside the building, and 
39 instrumentation is provided for pressure monitoring. lhe total standard 
40 temperature and pressure volume available is 440 standard cubic feet. 
41 
42 
43 Argon/Hydrogen Supply System. In the existing system, the argon/hydrogen 
44 mixture (6% to 8% H2) is stored in premixed IA cylinders . Pressure is reduced 
45 to 125 pounds per square inch gauge and supplied to the fuel fabrication area 
46 at the maximum design rate of 28 standard cubic feet per minute . The 
47 cylinders (when installed) and manifolds are located in the gas bottle dock 
48 outside the building . Total standard temperature and pressure volume from the 
49 premixed system is 4,400 standard cubic feet. An existing (but not yet 
50 installed) blending station could be installed in the future . The blender 
51 unit (procured for the Secure Automated Fabrication Line) produces a maximum 
52 of 3,720 standard cubic feet per hour of 92% Ar/8% H2 with ±1% tolerance on 
53 H2 . The output of the system is 50 pounds per square inch gauge to the 
54 facility. Instrumentation is provided with the blender for monitoring 
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1 pressure and hydrogen content of the blending system with an alarm system and 
2 automatic shutoff for any failure resulting in excess H2 concentration. 
3 Grounding straps are provided for all system connections. 
4 
5 
6 Helium/Hydrogen Supply System. In this system, the helium/hydrogen 
7 mixture (6% to 8% H2 ) stored in four premixed lA cylinders is reduced in 
8 pressure to 125 pounds per square inch gauge and supplied to chemistry 
9 laboratory areas at a maximum rate of 10 standard cubic feet per minute. The 

10 cylinders (when installed) and manifolds are located outside the building, and 
11 instrumentation is provided for pressure monitoring. Grounding straps are 
12 provided for all system connections. The total standard temperature and 
13 pressure volume available is 440 standard cubic feet. This system may not be 
14 required for the new proposed mission, depending on the chemical analysis 
15 methods used. 
16 
17 
18 Process Vacuum System. The process vacuum system provides vacuum for the 
19 process use throughout the facility. Use in the existing Secure Automated 
20 Fabrication Line was limited to the pin loading system and the pellet pressing 
21 station, neither of which will be used for the current proposed mission. 
22 Vacuum is drawn on the services that have high-efficiency particulate air 
23 filters located at the source of each vacuum suction line to minimize 
24 potential contamination of the system. The flow is routed through a prefilter 
25 and a high-efficiency particulate air filter to a 200-gallon surge tank. Each 
26 pump's maximum displacement rate is 725 standard cubic feet per minute. The 
27 discharged gas from the pump is routed through an oil-smoke eliminator before 
28 being discharged to the building exhaust. The discharged effluent would be 
29 monitored for airborne radioactivity. If contaminated, the system could be 
30 shut down to change the filters and stop the radionuclide input at the source. 
31 
32 
33 Air Sampling Vacuum System. The air sampling vacuum system would be 
34 dedicated to the exclusive use of operational health physics personnel. The 
35 system provides vacuum to the air sampling heads for drawing monitored space 
36 air through the sampling filters located throughout the facility. Flow rate 
37 is regulated by flow indicator-type metering devices. The system piping is 

· 38 distributed throughout the facility, and the vacuum equipment is in Room 238. 
39 The air is drawn from the service heads to the 100-gallon surge tank, through 
40 a prefilter, high-efficiency particulate air filter, and on to one of the 
41 redundant positive-displacement vacuum sample pumps rated at 300 standard 
42 cubic feet per minute. 
43 
44 
45 Compressed Air System. This system provides compressed air for 
46 laboratories, instrument air, pneumatic equipment, and other general purposes. 
47 Outside air is provided to the air compressors located in the Mechanical 
48 Equipment Wing through intake filters. The air goes through an intercooler, 
49 an aftercooler, and a moisture separator and is stored in a receiver tank. 
50 Heat is removed from the intercooler and aftercooler by the cooling water 
51 system. Instrumentation is installed to provide pressure monitoring. The 
52 system would be operated at 125 pounds per square inch gauge and the largest 
53 compressor has a capacity of 750 standard cubic feet per minute. 
54 

971121.1344 APP B.1-14 



HNF-1855, Draft B 

1 Cooling Water System. This system provides closed loop recirculating 
2 water for heat removal from process equipment in FMEF. The system supplies 
3 cooling to the heating, ventilation, and air conditioning chillers, air 
4 compressor, closed loop cooling water system, and the Emergency Equipment Wing 
5 air handling unit . The circulated coolant is 40% ethylene glycol and 60% 
6 water. Coolant is pumped by two 50% capacity circulating pumps to the 
7 equipment, picks up heat at the equipment, and goes to three 33% capacity, 
8 air-cooled heat exchangers. · Connections for a fourth heat exchanger were 
9 provided for future loads. Each heat exchanger package includes fans that 

10 blow air across the heat exchanger coils and circulating water spray pumps 
11 that circulate water over the atmospheric side of the coils to assist the 
12 cooling process . Process water provides makeup to account for losses because 
13 of evaporation and bl ow-down. Bl owdown is co 11 ected by the process sewer. To 
14 complete the coolant loop, the cooling water leaves the coils and returns to 
15 the circulating pumps by way of the air separator . A compression tank with 
16 inert gas blanketing is connected to the air separator for system expansion 
17 and pressure control . The system contains instrumentation for pressure, 
18 level, and temperature monitoring. 
19 
20 
21 Closed Loop Cooling Water System. The closed loop cooling water system 
22 is provided for potentially contaminated equipment to maintain isolation from 
23 other cooling water systems. The system provides cooling water to the Secure 
24 Automated Fabrication furnaces, and provides water to the Chemistry and Fuel 
25 Fabrication Levels with valved and capped terminations for future service. 
26 The system dissipates heat to the cooling water system in a tube in-shell heat 
27 exchanger. Make-up water is provided by the deionized water system. System 
28 equipment is located in Room 321. 
29 
30 
31 Emergency Cooling Water System. This system provides emergency cooling 
32 water to equipment components that have high economic consequences in the 
33 event of a failure in the normal cooling water supply. The system is not 
34 required to prevent or mitigate radiological releases and is not Seismic 
35 Category I. 
36 
37 The emergency cooling water system provides backup cooling water to the 
38 Secure Automated Fabrication furnaces and has reserve capacity for future 
39 loads. These furnaces are normally cooled by the closed loop cooling water 
40 system . The loss of emergency cooling could allow pellet boats to fuse to the 
41 conveyor. This would cause programmatic impacts. In an emergency, the closed 
42 loop cooling water system would be isolated, and the furnaces cooled by a 
43 dedicat ed gravity-feed supply tank (10-minute capacity) until the emergency 
44 cooling water system pumps start and the system pressure causes valving to 
45 automat ically isolate .the gravity tank and place the emergency cooling water 
46 system valves to provide cooling to the furnaces . The system pump operation 
47 is initiated by the emergency generator sequencer. 
48 
49 The circulated coolant is 40% ethylene glycol and 60% water. This 
50 coolant water is pumped by a circulating pump to the equipment and from there 
51 returns to the emergency cooler. An emergency water makeup tank for the 
52 cooling tower, filled with 3,200 gallons of process water, is available should 
53 normal sources of make-up water be unavailable. The normal source for make-up 
54 water for the cooling tower is the process water system. In the event of 
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1 power failure, the emergency cooling water system equipment, located in the 
2 Emergency Equipment Wing, could be powered by the emergency power supply 
3 system. 
4 
5 
6 Nitrogen Recycle System. The Secure Automated Fabrication Line nitrogen 
7 recycle subsystem provides high-pressure nitrogen (125 pounds per square inch 
8 gauge) for the jet-mill and valve actuators, and low pressure nitrogen 
9 (5 pounds per square inch gauge) for enclosure inerting. The nitrogen recycle 

10 subsystem includes two oil-free compressors that take suction from the 
11 discharge of two vacuum pumps and a surge tank composed of four large tanks 
12 connected in parallel. The nitrogen gas discharged from the compressors is 
13 cooled, dried, and stored in a high pressure receiver tank. Nitrogen from the 
14 receiver tank is reduced in pressure (5 pounds per square inch gauge) by a 
15 regulator and supplied to each glovebox for inerting purposes by a low 
16 pressure distribution header. rhe glovebox inerting nitrogen is introduced to 
17 each glovebox through a vacuum breaker and through metering valves with flow 
18 meter. The high pressure nitrogen is distributed by· a high pressure header 
19 and reduced in pressure at the individual Secure Automated Fabrication Line 
20 subsystems before use for valve actuators or the jet-mill. The return 
21 nitrogen from the valve actuators, jet-mill, and process enclosures is 
22 collected and passes through two high-efficiency particulate air filters 
23 stages before being returned to the vacuum pumps. The nitrogen recycle 
24 subsystem is initially filled from the FMEF normal inert gas supply and 
25 periodically purged to maintain purity within acceptable limits. 
26 
27 
28 FUELS AND MATERIALS EXAMINATION FACILITY FUEL ASSEMBLY AREA 
29 
30 The fuel assembly area is appended to the southeastern end of the FMEF. 
31 The fuel assembly area shares a common wall on the west with the FMEF Entry 
32 Wing. The 104-foot wide by 181-foot lower level provides the space for fuel 
33 pin, target pin, and assembly fabrication. Included are areas for storage of 
34 powder, pellets, pins, and completed assemblies. This area also contains the 
35 electrical switchgear for the entry wing and one of two FMEF uninterruptible 
36 power supplies. The ·upper level contains the ventilation equipment for the 
37 fuel assembly area and Entry Wing, a personnel break room, a darkroom, and a 
38 film viewing room. 
39 
40 The eastern portion of the fuel assembly area, Room 101, contains a fuel 
41 storage array and several pits. The test article pit located in the south 
42 west corner of Room 101 is 13 feet-6 inches long by 11 feet wide by 
43 approximately 16 feet deep. The assembly pit located -near the center of the 
44 room is 21 feet long by 6 feet wide by approximately 9 feet deep. The pit 
45 located to the north of the fuel storage array is 42 feet-8 inches long by 
46 14 feet-8 inches wide by approximately 16 feet deep. The fuel storage array 
47 is located in a pit along the east side of the room. The pit is 
48 42 feet-8 inches long by 14 feet-8 ·1nches wide by approximately 16 feet deep 
49 and contains 301 storage tubes, each with a safe-type combination lock cover. 
50 The storage tubes have an inside diameter of approximately 6.3 inches and are 
51 approximately 16 feet long. 
52 
53 
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1 Fuel Assembly Area Ventilation Systems. The fuel assembly area was 
2· designed for encapsulated radioactive material handling only. This structure 
3 has a design-basis-qualified heating, ventilation, and air conditioning 
4 exhaust system, which was to be required for design-basis events during normal 
5 handling conditions but was not required for shutdown conditions (when all 
6 fuel pins and assemblies are within the storage pit). The exhaust capability 
7 is provided by a design-basis~qualified high-efficiency particulate air filter 
8 bank (two stages), exhaust fans, and the exhaust discharge duct and stack. A 
9 tornado-resistant backdraft damper is provided at the building air intake. 

10 
11 The fuel assembly area stack (also seismically qualified) is located on 
12 the south side of the Process Building and is extended to the Process Building 
13 roof. This stack provides the exhaust for the heating, ventilation, and air 
14 conditioning of the fuel assembly area except the South Truck Lock and the 
15 battery and switchgear rooms. This stack also is considered to release at 
16 ground level. 
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APPENDIX B.2 

DESCRIPTION OF THE 306-E BUILDING 

7 The 306-E Building is a development, fabrication, and testing facility 
8 that for many years was used to support work on FFTF and other test reactor 
9 core subcomponents. The building provides large, high-clearance and heavy 

10 floor loading space for specialty fabrication and development activities, 
11 including the assembly and inspection of nonradioactive reactor core elements. 
12 The 306-E Building has a large central assembly area and smaller assembly 
13 facilities. There is also a chemical cleaning bay, laser welding shop, 
14 fabrication shop, nondestructive examination laboratory, thermal test stand, 
15 vertical assembly facility, and facilities for receiving and inspecting 
16 cladding and other components before assembly. 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

The 306 Building is located in the north central portion of the 
300 Area, about 656 feet north of the 325 Building. The 306 Building is a 
two-story structure. Maximum dimensions are 200 feet by 180 feet. The first 
floor has about 36,000 square feet of floor space, of which about 60% is 
high-bay area with a 25-foot ceiling (Figure B.2-1). Twelve cranes and hoists 
are available to support building operations (these include two 5-ton cranes 
that operate parallel to each other in the high bay area). The second floor 
of the building has about 10,000 square feet that is occupied with office and 
equipment storage (Figure B.2-1). 

The building is of bolted steel construction with a tar-and-gravel roof 
over lightweight reinforced concrete. A 1-foot-thick concrete fire wall 
divides the structure into its east and west buildings. The structure was 
designed and constructed to meet Uniform Building Code requirements for a 'low 
hazard facility•. The structure can withstand horizontal and vertical 
accelerations of 0.15 g and 0.083 g, respectively. The design allows for 
maximum sustained winds of about 86 miles per hour. A safety factor of 
2.5 was used based on the ultimate strength of the structural steel. 

Heating, ventilation, and cooling of the 306-E Building are provided by 
several independent systems. The main 306-E Building ventilation system 
consists of three supply fans and numerous independent exhausters, including 
two chemical fume scrubbers that exhaust through a 40 foot stack. The 
building's chemical bay is maintained at a slightly negative pressure to 
prevent the spread of potential chemical contaminants through the building in 
the event of a spill or other accident. One laboratory also is maintained at 
slightly negative pressure and its exhaust air passes through a 
high-efficiency particulate air filter. 

Air exhausts from hoods and other enclosures all pass through 
high-efficiency particulate air filters before being emitted to the 
atmosphere. Gaseous emissions from other facilities within the building are 
discharged through the building ventilation system (vapors from the chemical 
cleaning tanks pass through filter and scrubber systems before being vented to 
the atmosphere) . 
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1 The building is served by both a sanitary and a process sewer system. 
2 Neither system is designed to accept radioactive liquids. Hazardous materials 
3 requiring disposal (both liquids and solids) are collected at predetermined 
4 accumulation sites, handled, and packaged for disposal in accordance with 
5 established procedures and regulations. In the past, acid and caustic waste 
6 from the chemical cleaning bay were neutralized in the cleaning tanks and 
7 transferred to temporary storage containers. Small quant1ties of radioactive 
8 and fissionable materials have been handled and stored in the 306-E Building . 
9 These include natural and depleted uranium oxides, uranium-fueled reactor 

10 components, and encapsulated dosimeters and radioisotopic radiation sources. 
11 Further information is available from Safety Assessment Document for the 306£ 
12 Building (WHC-SD-GN-SAD-301). 
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APPENDIX B.3 

DESCRIPTION OF THE 325 BUILDING 

The 325 Building is designed to provide space for radiochemical research 
and to support other projects and programs being carried out on the Hanford 
Site. The 325 Building houses laboratories and specialized facilities 
designed for work with nonradioactive materials, microgram-to-kilogram 
quantities of fissionable materials, and up to megacurie quantities of other 
radionuclides. 

The following is a brief description of work in the 325 Building, which 
represents a wide range of activities : 

971121.1232 

• Characterize chemical, radiochemical, and physical properties of waste 
from double-shell and single-shell waste tanks. Treat some of the 
waste, and evaluate the effects of the treatment 

• Provide a treatment service for hazardous waste or mixed (hazardous 
and radioactive) waste generated by laboratory activities (e.g., 
grouting, neutralization, and distillation). Demonstrate emerging 
technologies for chemical waste treatment and destruction 

• Determine the potential for rapid exothermic reactions in waste from 
single-shell tanks 

• Evaluate the performance of ion-exchange resin for removal of 
cesium-137 

• Develop and demonstrate a process for preparing waste sludges for 
vitrification feeds 

• Develop processes for secondary treatment of wash or supernatant 
liquids to reduce the level of radioactivity to as low as reasonably 
achievable 

• Perform nonradioactive research work on waste volume reduction and 
compaction 

• Prepare organic standards and investigate organic extractions 

• Provide analytical chemistry support for fuels-related programs such 
as the Materials Characterization Center and repository programs 

• Develop and test flowsheets for the removal of transuranics and other 
selected radionuclides from dissolved fuel from light-water reactors 

• Investigate oxidation kinetics of spent light-water reactor fuel 

• Provide Resource Conservation and Recovery Act and Comprehensive 
Environmental Response, Compensation, and Liability Act analyses of 
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liquids and solids associated with the Hanford Site characterization 
and remediation effort and with facility operations 

• Analyze performance evaluation samples submitted by the 
U.S. Environmental Protection Agency, the Environmental Monitoring 
Laboratory, and other organizations as a routine part of the 
laboratory quality control program 

• Prepare standard solutions of radionuclides from stock batches for use 
in research and development of analytical procedures and for quality 
control. Examine releases by both carrier gas extraction and vacuum 
extraction. 

The 325 Building consists of a central structure containing general 
purpose laboratories (for low-level radiochemical work), a south wing 
providing offices and support facilities, and east and west wings providing 
shielded enclosures with remote manipulators for high-level radiochemical 
work. Exhaust fans and final stages of the high-efficiency particulate air 
filters are housed in a detached structure along the north end of the west 
side of the building. A waste tank vauJt (below grnund level along the east 
side of the building) has been used to store contaminated solutions. 

The central portion of the 325 Building has a length of about 200 feet on 
each side and has three floors (including the basement) and contains over 
100 laboratories and offices. The second floor and basement also house 
mechanical areas (supply fans, steam lines, etc.). The south wing has 
dimensions of about 75 feet by 130 feet on two floors and contains offices, a 
conference room, a machine shop, and a lunch room. The east wing (325A) is 
50 feet by 130 feet and houses the high-level radiochemistry facility, truck 
lock, and manipulator repair area. The west wing (325B) has a length along 
each side of 50 feet and houses the shielded analytical laboratory. 

The frame of the 325 Building is made of welded steel. The roof is a 
single ply, modified bitumen system. Exterior walls are industrial-insulated 
panels of fluted steel. The first and second floors and part of the basement 
have steel decks topped with concrete. Most original laboratory partitions 
are of movable metal. Later construction, replacements, and modification of 
partitions are metal stud, dry-wall-type installations. F~xed windows extend 
across the front of the south wing. 

Central Portion and South Wing of the 325 Building. The chemical, 
radiochemical, and microstructural laboratories are located on the first floor 
and basement and consist of approximately 70 rooms with a combined area of 
approximately 45,000 square feet. Installed facilities include radiochemistry 
hoods, gloveboxes for transuranic materials, and inert atmosphere gloveboxes 
filled with argon. The general purpose laboratories are currently equipped 
with 166 hoods and 19 gloveboxes for working with radioactive and hazardous 
materials. In 1993, several laboratories were designated as the Sample and 
Receiving Laboratory to analyze tank waste samples from the 200 Areas. 

One room has been designated as a storage area for fissionable material 
and contains a storage rack with criticality safety maintained by geometry 
that is bolted to the wall. Another set of rooms (making up the Hazardous 
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Waste Treatment Unit) are used to store and treat hazardous, mixed, low-level, 
and transuranic waste generated by activities in the 325 Building. 

The radon holdup system currently is planned for construction in the 
325 Building basement . This system would include a walk-in hood, glovebox, 
exhaust stream preconditioning and monitoring equipment, chilled charcoal bed 
absorbers, an air cooling and condensing unit, dehumidifier, and pylon 
monitors. 

325A - East Wing. The 325A east wing High-Level Radiochemistry Facility 
contains three interconnecting cells (A-Cell, 8-Cell, and C-Cell) and 
supporting facilities designed for work with megacuries of radionuclides. 
Currently, A-Cell and C-Cell are used for the Tank Waste Remediation System 
sludge characterization program. 8-Cell currently contains a core extruder 
and analytical measuring equipment used for the sludge characterization 
program. These cells are shielded with thick, high-density-concrete walls 
with service ports and high density lead-glass windows. The cells have inside 
dimensions of 15 feet high by 7 feet deep; two are 6 feet wide, and one is 
15 feet wide. Remote operation, using manipulators, of the cell equipment is 
performed in the 'front face' operating gallery; movement of materials into or 
out of the hot cells takes place in the rear support gallery. The rear 
support gallery also provides access to the cells via shielded double-door 
pass-through and thick iron shield doors (i.e., one per cell). The three 
cells are enclosed in a steel-framed, reinforced-concrete structure. The 
cells are constructed on the first-floor level and supported by heavy 
reinforced concrete structures. 

The basement level contains exhaust ducting, high-efficiency particulate 
air filters, and other services to the cells. The auxiliary supporting 
facilities include shielded vaults containing tanks for holding radioactive 
solution, a bridge crane for handling large-volume shielded casks, and a 
load-in/load-out solution transfer facility. Each cell is equipped with floor 
drains that drain to critically safe sump tanks in a shielded basement vault. 
All vault tanks are equipped with double containment, solution-level alarms 
and recovery piping. With the exception of the 400-gallon tank in the 
A-Vault, all tanks have been flushed and currently are not in use. 

Another facility within 325A is designed for the catalyzed 
electrochemical plutonium oxide dissolution process. This is used for the 
cleanup of gloveboxes and the disposal of process waste. A cask-handling area 
is for handling both solution and solid waste casks and moving manipulators 
between the cells and the repair/storage room. The full length of the 
cask-handling area is serviced by a crane with an auxiliary hoist. A truck 
lock with doors on each end serves as a ventilation buffer between the 
cask-handling area and the outside. The truck lock is of sufficient length 
that a tractor and cask trailer can be totally contained and isolated from the 
outside. 

3258 - West Wing. The 3258 west wing contains six interconnecting hot 
cells , each about 5.5 feet square by 9.5 feet high enclosed in shield walls of 
either magnetite concrete or iron. Hollow sheet metal partitions divide the 
compartments into three groups of two. The compartments are served by the 
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front and rear face galleries, similar to those in the High-Level 
Radiochemistry Facility. The six compartments are enclosed in a steel-framed, 
reinforced-concrete structure. The east side of each compartment is equipped 
with two manipulators and with high-density, lead-glass viewing windows. 
These compartments are used for analytical chemistry operations on small 
amounts of highly radioactive materials such as samples of single-shell tank 
waste. Operations within the cells are by manipulator or other remote 
equipment. In a separate room are two all-metal cells. Both cells have 
shielded viewing windows, two master-slave manipulators, an access door, and a 
pass-through port. The basement level contains exhaust ducting, 
high-efficiency particulate air filters, and other miscellaneous services to 
the compartments. 

Filter Building and Ventilation System. The main exhaust air system for 
the 325 Building consists of four exhaust fans, primary and final testable 
stages of HEPA filters, an exhaust plenum, connecting ductwork, and an 85-foot 
stack. The filter building is located on the northwest side of the 
325 Building and has four separate filter rooms, each containing filter frames . 
for two banks of 20 high-efficiency particulate air filters 
(40 high-efficiency particulate air filters). The filter building is 
approximately 50 feet long by 30 feet wide. A large concrete-and-steel plenum 
connects with the main 325 Building plenum to exhaust most of building and its 
additions. The 325 Building ventilation system is designed to ensure safe 
confinement of radioactive materials under normal and credible failure modes. 
Cascading pressure levels are used to maintain proper air flow balance and 
direction. The system is equipped with interlocks, fail-open control and 
volume dampers, and backflow prevention dampers to ensure desired zone 
pressure and air flow control in the event of partial equipment or power 
failure. An isokinetic stack sampling system monitors the exhaust. 

The 325 Building supply and exhaust systems are designed and operated so 
that the airflow is always from areas with lowest potential for contamination 
to areas with a higher potential. This is accomplished for the most part by 
the basic configuration of the supply air and exhaust air systems. Air is 
generally supplied directly to the corridors and drawn into laboratories by 
the exhaust system via fume hoods. This arrangement ensures that the 
laboratories are always at a negative pressure with respect to the corridors. 
Gloveboxes generally are maintained at a lower pressure level than the 
laboratories in which the gloveboxes are located. There are also some 
gloveboxes that contain inert atmospheres and are positively pressurized 
compared to the laboratory in which these are located. Areas where hot cells 
are located (east wing and west wing) operate in much the same way in that air 
is suwlied to the adjoining operating galleries and drawn into the hot cells 
by the main exhaust system for the building. 

Exhaust from the east and west wing hot cells is additionally filtered 
with one stage of nontestable high-efficiency particulate air filters and one 
stage of testable high-efficiency particulate air filters in series with the 
primary and final high-efficiency particulate air filters. Three small metal 
hot cells and gloveboxes are equipped with nontestable high-efficiency 
particulate air filters at both the inlet and outlet in addition to the 
testable primary and final stages of high-efficiency particulate air filters. 
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The final high-efficiency particulate air filter stages are required to meet a 
minimum efficiency of 99 .95%. 

Before entering the main building exhaust system, the ventilation 
airstream in radon laboratories pass through a drying tower . The drying 
towers remove moisture that could condense in the chilled charcoal beds and 
foul the charcoal of the radon holdup system . After exiting the drying tower, 
the airstream would pass through the radon holdup system's charcoal beds. 
Radon and radon daughters are stripped from the airstream by activated 
charcoal that has been chilled to increase adsorption efficiency. After 
exiting the holdup system, the airstream would flow into the building exhaust 
system , and undergoes high-efficiency particulate air filtration and 
monitoring before discharge to the environment. 

Liquid Waste Systems. The 325 Building has three drainage systems to 
handle liquid waste: the sanitary sewer, retention process sewer, and 
radioactive liquid waste sewer. In the central portion of the 325 Building, 
radiological liquids are processed through the radioactive liquid waste sewer 
and the retention process sewer. A discharge line connects the Hazardous 
Waste Treatment Unit to the radioactive liquid waste system. The radioactive 
liquid waste exits the 325 Building at two locations to join the 300 Area 
radioactive liquid waste system. The waste is routed to the 340 Building for 
processing. 

In 325A, the radioactive liquid waste system consists of: an 
underground, shielded vault containing seven tanks (currently inactive); four 
tanks (slab tanks); a diversion box, liquid transfer station, and liquid 
transfer hood that are used as the central control for transferring 
radioactive liquid waste between several locations in 325A; and piping systems 
that connect the parts. 

In 325B, the radioactive liquid waste from the cells and associated sinks 
drain into a 330-gallon holding tank. The radioactive liquid waste can be 
jetted to the 325 Building radioactive liquid waste line, and from there 
directly to the 340 Building. · 
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1 This appendix provides a description of the tritium fabrication main 
2 process stations including: pellet fabrication, pin fabrication, component 
3 inspection and storage, eddy current testing, laser engraving , bottom end cap 
4 weld, pencil and pin loading, pin handling system, top end cap weld, x-ray, 
5 wire wrap, final inspection, leak test , and pin storage. 
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1 APPENDIX C 
2 
3 
4 TRITIUM TARGET ASSEMBLY STATIONS 
5 
6 
7 
8 The following discusses the present basic concept of each of the main 
9 process stations shown in the main text Figures 2-24 and 2-25, and discussed 

10 in Section 2.2.3.2: 
11 
12 Pellet Pressing and Pin Fabrication. The raw materials would be 
13 received. LiA104 powder would be pressed into pellets and inserted into pins. 
14 Alternatively, components (e.g., pellets, pins, and/or full assemblies) could 
15 be purchased by commercial vendors). 
16 
17 Component Inspection and Storage. A small area would be required that 
18 includes two granite topped benches for hand inspections by quality assurance 
19 inspectors. If needed, one bench would have a commercial air gauge for 
20 measuring the inside diameter of clad tubes. A number of standard cabinets 
21 would be used to store small components. Special racks with bins for storing 
22 clad tubes would be designed, fabricated, and installed. 
23 
24 Eddy Current Test. This station would be designed to traverse an eddy 
25 current probe along a cladding tube to measure the thickness of the barrier 
26 coating on the inside of each clad tube. The eddy current probe and ancillary 
27 equipment is commercially available. 
28 
29 Laser Engrave. This machine would laser engrave a bar code symbol 
30 and/or number on each bottom end cap. The bar code would be used to identify 
31 and track each target pin throughout the assembly process. The laser system 
32 is commercially ayailable, and bar code readers/computer terminals would be 
33 set up at each subsequent process station. 
34 
35 Bottom End Cap Weld. A commercially-available welding system (e.g., 
36 tungsten arch tube) would be used to weld the bottom end cap to a clad tube. 
37 A standard bench with fixtures would support the weld head and the clad tube. 
38 High-purity helium gas would be used for weld cover gas. 
39 
40 Pencil and Pin Loading. This station would be a large helium-filled 
41 glovebox where target pencils are manually assembled and the pencils are 
42 inserted into the clad tube/bottom end cap subassembly. The helium atmosphere 
43 would protect the ceramic target pellets from hydrating. 
44 
45 Pin Handling System. The present concept would be to transport partial 
46 and complete pin assemblies between stations in special canisters on a cart, 
47 because of the fragility of the ceramic target pellets. The outer canister 
48 would be a steel tube with one closed end. The other end would have a flange 
49 that would mate to each pin processing station. For stations with helium 
50 gloveboxes, the flange would be sealed to the box. Approximately six carts 
51 and 30 canisters would be needed. 
52 
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1 Top End Cap Weld. At this station, a spring and top end cap would be 
2 placed in the top of the partial pin assembly from the pin loading station. 
3 The top end cap would be welded to the clad tube. This would seal the target 
4 pin assembly with an internal helium atmosphere. The components of this 
5 station would include a welding dry box with a helium atmosphere, helium 
6 purification system, welding system, and vacuum pumps. All major equipment is 
7 commercially available; the equipment would be integrated and the dry box 
8 modified to interface with pin canisters. 
9 

10 X-ray. The X-ray system would inspect both end cap welds for defects 
11 and scan the pin to verify the internal components are in their proper place. 
12 The entire X-ray system is commercially available. 
13 
14 Wire Wrap. At this station a small-diameter wire would be spirally 
15 wrapped around the target pin and secured to each end cap with a weld. Wire 
16 wrap machines for FFTF fuel pins have been used in the past; modifications to 
17 the design would be required to accommodate tritium target assembly. 
18 
19 Final Inspection. A quality assurance inspector would visually inspect 
20 the wire wrap welds and measure any gaps between the wire and the clad tube. 
21 This station, a granite table, also would be used to measure straightness of 
22 the target pins prior to wire wrapping. 
23 
24 Leak Test. This station is a commercial helium leak detector machine 
25 which would test for any leaks (primarily in the welds) in the target pins. 
26 
27 Pin Storage. If target pins are not taken di rectly to the final 
28 assembly area, they would be stored on special pin storage racks. The pins 
29 would remain in their canisters, and the storage racks would be designed to 
30 accept and handle the canisters. 
31 
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1 This appendix contains a description of the Hanford Site affected 
2 environment as excerpted from the Storage and Disposition of Weapons-Usable 
3 Fissile Materials Final Programmatic Environmental Impact Statement 
4 (DOE/EIS-0229) completed in December 1996. Refer to DOE/EIS-0229 for figure, 
5 appendix, and reference callouts. An updated version of this description will 
6 be available in early January 1998 from the draft EIS for Programmatic Surplus 
7 Plutonium Disposition (DOE/EIS-0283, in preparation) . 
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3.2 HANFORD SITE 

Hanford, established in 1943 as one of the three original Manhattan Project sites, is located in the State of 
Washington just north of Richland (see Figures 2.2.1-1 and 2.2.1-2). Hanford was a U.S . Government nuclear 
materials production site that included nuclear reactor operation, storage and reprocessing of spent nuclear fuel, 
and management of radioactive and dangerous wastes. Present Hanford programs ·are diversified and include 
management of radioactive wastes, R&D for advanced reactors, renewable energy technologies, waste disposal 
technologies and cleanup of contamination, and Pu stabilization and storage. 

Hanford is owned and used primarily by DOE, but small portions of it are owned, leased, or administered by 
other government agencies. Public access is limited to travel on the Route 4 and Route 10 access roads as far as 
the Wye Barricade, Highways 24 and 240, and the Columbia River. By restricting access onsite, the public is 
buffered from the smaller areas formerly used for production of nuclear materials and currently used for waste 
storage and disposal. Only about 6 percent of the land area has been disturbed and is actively used, leaving 
mostly open vacant land with widely scattered facilities. The entire Hanford Site has been designated a National 
Environmental Research Park (NERP). 

Hanford includes extensive production, service, research, and development areas. Onsite programmatic and 
general-purpose facilities total approximately 799,337 m2 (8,600,000 ft2) of space. Fifty-one percent (407,658 
m2 [4,390,000 ft2]) is general-purpose space, including offices, support laboratories, shops, warehouses, and 
other support facilities. The remaining 391,679 m2 (4,216,000 ft2) of space are programmatic facilities 
comprising processing, evaporation, filtration, waste recovery, waste treatment, waste storage facilities, and 
R&D laboratories. More than half of the general-purpose and programmatic facilities are more than 30 years 
old. Facilities designed to perform previous missions are being evaluated for reuse in the cleanup mission (HF 
JOE 1993c:2); The existing facilities are grouped into the following numbered operational areas (see Figure 
i.2.1-2): 

• The 100 Areas, located on the southern shore of the Columbia River, are the site of eight retired Pu 
production reactors and the dual-purpose N Reactor, all of which have been permanently shut down 
since 1991. The 100 Areas cover about 1,100 ha (2,720 acres). 

• The 200 West and 200 East Areas are located on a plateau and are about 8 and 11 km (5 and 7 mi), 
respectively, south of the Columbia River. Historically, these areas have been dedicated to fuel 
reprocessing; Pu processing, fabrication, and storage; and waste management and disposal activities. 
The 200 Areas cover about 1,600 ha (3,950 acres). 

• The 300 Area, located just north of the city of Richland, is the site of nuclear and nonnuclear research 
and development to include the Pacific Northwest Laboratory (PNL). This area covers 150 ha (370 
acres). 

• The 400 Area, approximately 8 km (5 mi) northwest of the 300 Area, is the location of the recently 
shut down FFIF and FMEF. FFIF is an advanced liquid metal-cooled research reactor that was used 
in the testing of .breeder reactor systems. FMEF consists of several connected buildings. The six
level Process Building ( 427 Building) is the main structure of the FMEF and encloses approximately 
17,000 m2 (183,000 ft2) of operating area. This building has never been operated and is free of 
contamination. The exterior walls are reinforced concrete, and the cell walls are constructed of high
density concrete. The facility was designed and constructed for spent fuel examination and was 
subsequently partially converted for MOX fuel fabrication. 

• The 600 Area comprises the remainder of Hanford, which includes most of the undisturbed land and 
has the following key attributes: 
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- Fitzner-Eberhardt Arid Lands Ecology Reserve (ALE), set aside for ecological studies 

- Living sand dunes 

- CulturaVhistorical facilities and sites 

- Hanford Reach free-flowing Columbia River 

- Old growth sagebrush/habitat areas 

- A patrol training facility 

- A low-level radioactive waste disposal site, which is leased by the State of Washington and 
subleased to a commercial enterprise (U.S. Ecology) 

- Washington Public Power Supply System (WPPSS) nuclear power plants 

- Waste Sampling and Characterization Facility 

- Support facilities and infrastructure (for example, roads, railroads, telecommunications, water 
treatment and distribution, electrical transmission lines/substations, fire/ambulance, and 
access control facilities, borrow pits, and a landfill) 

- DOE waste disposal sites 

- A260-ha ( 640-acre) parcel of land transferred to the State of Washington as a potential site for 
a hazardous waste disposal facility 

- Meteorological towers and facilities 

- A wildlife refuge under revocable use permit to the USFWS 

- A recreational game management area under revocable use permit to the State of Washington 
Department of Fish and Wildlife 

- A gravitational-wave observatory, presently under construction 

• The 700 Area is the administrative center in downtown Richland and consists of government-owned 
buildings (for example, the Federal Building). 

• The 1100 and 3000 Areas are support areas located in north Richland. The 1100 Area includes 
support services such as general stores and transportation maintenance. The 3000 Area is being 
vacated but still contains some administrative and support facilities. 

In addition, there are DOE-leased facilities and DOE contractor privately owned facilities, which support 
Hanford operations, located on private land south of the 300 Area and outside of the 1100 and 3000 Areas 
(HF PNL 1994b:5). 

Department of Energy Activities. The Hanford mission is to clean up the site, provide scientific and 
technological excellence to meet global needs, and to partner the economic diversification of the . region 
(HF DOE 1994a:3-6). The current DOE activities that support Hanford's mission are shown in Table 3.2-1. In 
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the area of waste management, Hanford has embarked on a long-range cleanup program in compliance with the 
Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) and applicable Federal, State, 
and local laws. DOE has set a goal of cleaning up Hanford's waste sites and bringing its facilities into 
compliance with Federal, State, and local environmental laws by the year 2028 (HF PNL 1994b:3). In addition, 
as part of the cleanup mission, DOE has the responsibility to safely store, handle, and stabilize Pu materials and 
spent fuel. 

Mission 
Waste management 

Environmental 
restoration 

Research and 
development 

Table 3.2-1. Cu"ent Missions at Hanford Site 

Description 
Store defense wastes and handle, store, and dispose of 

radioactive, hazardous, mixed, or sanitary wastes from 
current operations 

Restore approximately 1,100 inactive radioactive, 
hazardous, and mixed waste sites and about 100 surplus 
facilities 

Conduct research in the fields of energy, health, safety, 
environmental sciences, molecular sciences, 
environmental restoration and waste management 
research and development, and national security activities 

Sponsor 
Assistant Secretary for 

Environmental 
Management 

Assistant Secretary for 
Environmental 
Management 

Various DOE Program 
Managers 

Technology 
development 

Develop new technologies for environmental restoration Various DOE Program 
and waste management, including site characterization Managers 
and assessment methods, and waste minimization 

Economic transition Use the cleanup and science and technology mission 
elements to help the community establish a diversified and 
stable economic base over the Jong term 

Source: HF DOE 1994a; HF PNL 1994b. 

Assistant Secretary for 
Environmental 
Management 

Non-Department of Energy Activities. In addition to the DOE mission-related activities listed in Table 3.2-1, 
Hanford has some unique and diverse assets and non-DOE missions, such as the following: 

• The Fitzner-Eberhardt ALE Reserve, 31,100 ha (76,800 acres), established in 1967, is managed by 
Battelle Pacific Northwest Laboratory for DOE with assistance from the Nature Conservancy as a 
habitat and wildlife reserve and nature research center 

• The area north of the Columbia River that is managed in part by the Washington State Department 
of Wildlife as the Wahluke Slope Wildlife Recreation Area and in part by USFWS as Saddle 
Mountain National Wildlife Refuge 

• The Washington Nuclear Plant-2 (WNP-2) 1,100 MWe reactor operated by WPPSS and also the 
partially completed WNP-I reactor 

• The Laser Interferometer Gravitational-Wave Observatory, operated by the National Science 
Foundation as one of two widelr separated installations (within the United States) that are operated 
in unison as a single gravitational-wave observatory 

• Hanford Meteorological Station and towers 

• An observatory and radio telescope facilities located on Rattlesnake Mountain 

• The U.S. Ecology commercial low-level radioactive waste disposal site on State-leased lands near 
the center of Hanford 
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3.2.1 LAND RESOURCES 

Land Use. The discussion of land resources at Hanford includes land use at Hanford and surrounding area. 
Hanford encompasses approximately 145,000 ha (358,000 acres) of mostly vacant land in the south-central area 
of the State of Washington. The land area is relatively flat and dominated by grasses and sagebrush. The 
Columbia River, which flows through the site, is the area's most important geographical feature . [Text deleted.] 

Existing Land Use. Existing generalized land uses at Hanford and its vicinity are shown in Figure 3.2.1-1. All 
land within Hanford is owned by the Federal Government and is administered and controlled by DOE. Land use 
in the area southeast of Hanford includes residential, commercial, and industrial development in the Tri-Cities 
area. This area, encompassing the cities of Richland, Kennewick, and Pasco, is the closest population center and 
has about 107,000 residents. Agriculture is a major land use in the remaining area surrounding Hanford. 

Hanford contains a variety of widely dispersed facilities, including old reactors, R&D facilities, the WPPSS 
nuclear power facility, consisting of the incomplete WNP-I reactor and the complete WNP-2 reactor, and 
various production and processing plants within the specialized operational areas described in Section 3.2. As 
shown in Figure 3.2.1-1, sensitive open space areas include the Fitzner-Eberhardt ALE Reserve, approximately 
31 ,100 ha (76,800 acres) near Rattlesnake Mountain; and two areas north of the Columbia River: the Saddle 
Mountain National Wildlife Refuge (12,220 ha [30,200 acres]), which is administered by USFWS, and the 
Wahluke Unit Columbia Basin Wildlife Area (22,260 ha [55,000 acres]), which is managed by the Washington 
State Department of Fish and Wildlife (HF NPS l 994a:3 l 4,315). 

Public access to ALE Reserve and Saddle Mountain National Wildlife Refuge is prohibited 
(HF DOE l 992b:24,34). Other special status lands within the vicinity include McNary National Wildlife 
Refuge, administered by USFWS, and Columbia River Islands Area of Critical Environmental Concern (ACEC) 
and McCoy Canyon, both administered by BLM (Figure 2.2.1-2). McNary National Wildlife Refuge and 
Columbia River Islands ACEC consist of several islands within the Columbia River that are closed to public 
access for approximately 6 months of the year (HF NPS 1994a:315,316). The U.S. Department of Agriculture, 
National Resources Conservation Service does not identify prime farmland on Hanford. However, some soil 
mapping units have the potential to be prime farmland soils if irrigated (WA USDA 1996a: 1 ). 

In 1975, DOE designated the entire Hanford Site area as a NERP, an outdoor laboratory for ecological research 
to study the environmental effects of energy developments. The Hanford NERP is a sagebrush-steppe habitat 
that contains a wide range of arid land ecosystems and offers the opportunity to examine linkages between 
terrestrial, subsurface, and aquatic environments on a systems basis (DOE 1985a: 1,3). The closest residence is 
approximately 30 m (98 ft) from the north Hanford boundary. There is also a mobile home park approximately 
60 m (197 ft) from the south boundary. 

Land-Use Planning. The DOE Richland Operations Office (RL) has undertaken comprehensive land-use 
planning to define how best to utilize land at Hanford for the next 30 to 40 years. The December 1994 Secretary 
of Energy Policy requires RL to manage its land and facilities as valuable national resources. The resulting 
Comprehensive Land-Use Plan (CLUP) will identify existing and planned future land uses with accompanying 
restrictions, cover a specific timeframe, and be updated as needed. The development and evaluation of the CLUP 
will be integrated with the upcoming Hanford Remedial Action Environmental Impact Statement. Together, 
these processes will identify land-use cleanup scenarios, create a remediation baseline for the environmental 
restoration program, and provide a framework for the future management and utilization of land at Hanford. 

Private lands bordering Hanford are subject to the planning regulations of Benton, Franklin, and Grant Counties, 
and the city of Richland. The majority of Hanford, particularly the site area not reserved as a buffer, is situated 
within Benton County. Benton County and the city of Richland currently have a comprehensive land-use 
planning process under way, with statutory mandated deadlines under the State of Washington Growth 
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Source: HF DOE 1993c. 

Figure 3.2.1-1. Generalized Land Use at Hanford Site and Vicinity. 
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Management Act (GMA) of 1990. The GMA requires Benton County and the city of Richland to include 
portions of Hanford in their plans. 

The county and city planning could be carried out independently, without any integration with DOE. This would 
have a significant potential for overlap and duplication, which would result in public confusion as to how the 
plans relate to each other. To avoid this, RL's integrated CLUP/HRA-EIS process includes coordinating internal 
organizational and external involvement activities. Tribal Nations, local cities, counties, and State and Federal 
agencies are voluntarily and cooperatively participating in the preparation of the CLUP to eliminate duplication 
of efforts and attempt to identify and resolve conflicts early on. A single integrated Geographical Information 
System data management system is being used to ensure optimum consistency and compatibility among the end 
products each government agency is developing. The CLUP is scheduled to be implemented by RL in April 
1997, after the ROD from the HRA EIS is issued. 

Visual Resources. Hanford is located in the Pasco Basin of the Columbia Plateau north of the city of Richland, 
which is at the confluence of the Yakima and Columbia Rivers. Site topography ranges from generally flat to 
gently rolling. In the north-central part of the site, two small east-west ridges, Gable Butte and Gable Mountain, 
rise approximately 60 m (197 ft) and 180 m (591 ft), respectively, above the surrounding terrain. Rattlesnake 
Hills, Rattlesnake Mountain, Umtanum Ridge, and Yakima Ridge are located along the southwestern and 
western site boundaries, and the Saddle Mountains are located along the northern site boundary. The Columbia 
River flows through the northern part of the site and, turning south, forms part of the eastern site boundary. A 
79.7-km (49.5-mi) segment of the Columbia River extending downstream from below Priest Rapids Dam to 
near Johnson Island (river mile 346.5 to 396) is currently protected and is part of a Proposed Action designating 
this segment of the Hanford Reach as a Wild and Scenic River (HF NPS 1994a:5,62,311). The Yakima River 
runs along a small portion of the southern site boundary (Figure 3.2.1-1 ). 

The site is dominated by widely spaced low brush and grasslands, typical of the regional shrub-steppe desert. A 
large area of unvegetated mobile sand dunes is located along the eastern site boundary, and unvegetated 
blowouts are scattered throughout the site. Hanford consists mostly of undeveloped land, with widely spaced 
clusters of industrial buildings located along the southern and western banks of the Columbia River and at 
several interior locations. The WPPSS nuclear power facility is also located along the west bank of the Columbia 
River. The adjacent visual landscape consists mainly of rural rangeland and farms; the city of Richland, part of 
the Tri-Cities area, is the only adjoining urban area. Construction and operation of the DOE and WPPSS 
facilities have disturbed the character of the landscape within their respective areas. The DOE and WPPSS 
facilities are brightly lit at night and highly visible from many areas. The plume of steam that rises high into the 
air at the WPPSS facility is also highly visible from the surrounding area, including portions of the Tri-Cities 
area. The developed areas of Hanford are consistent with a VRM Class 5 designation. The remainder of the site 
ranges from a VRM Class 3 to Class 4 designation. 

Viewpoints affected by DOE and WPPSS facilities are primarily associated with the public access roadways 
(including State Highways 24 and 240, Hanford Road, Hom Rapids Road, and Route 4 South/Stevens Drive), 
the bluffs along the east bank of the Columbia River, and the north edge of the city of Richland. Views of DOE 
facilities from the surface of the Columbia River are generally blocked by high river banks; however, stack 
plumes from the WPPSS facility are visible. Because of the semi-arid climate, views can exceed 80 km (50 mi); 
however, topographic relief provides significant visual screening of the Hanford facilities. 

The most sensitive visual areas include the Columbia River, because of its potential designation as a Wild and 
Scenic River, and the northern part of the city of Richland that borders the site, because of the high-density 
commercial and residential land use. Route 4 South/Stevens Drive is the only affected public access roadway 
with high traffic volumes. However, since this route primarily serves the DOE and WPPSS facilities, user 
sensitivity is low. Although some facilities are visible from the east bank of the Columbia River, densities are 
low and, in most instances, the viewing distances are great. 
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3.2.2 SITE INFRASTRUCTURE 

Baseline Characteristics. Activities at Hanford are concentrated at facilities in several general areas previously 
described in Section 3.2. To support these missions, an extensive infrastructure exists. Baseline site infrastructure 
characteristics are shown in Table 3.2.2-1. 

Table 3.2.2-1. Hanford Site Baseline Characteristics 

Characteristics Current Usage Site Availability 
Transportation 

Roads (km) 420 420 

Railroads (km) 204 204 

Electrical 
Energy consumption (MWh/yr) 345,500 1,678,700 

Peak load (MWe) 58 281 
Fuel 

Natural gas (m3/yr) 459,200 20,804,000 

Oil and propane (I/yr) 9,334,800 14,775,000 

Coal (t/yr) 41,580 91,708 

Steam {kg/hr) 40,847 40,847 

Source: HF DOE l 990e. 

The site infrastructure provides for transportation of personnel and most material shipments by road. Bulk 
materials (primarily coal), large equipment, irradiated fuel, and radioactive solid and liquid wastes are 
transported by rail. High-level and low-level liquid radioactive wastes from past process operations are 
transported between waste management facilities by encased pipeline. Large barged shipments 
(decommissioned submarine reactor cores) are routinely offloaded at the Port of Benton dock facility (on the 
Columbia River in north Richland) and transported to a site disposal facility using special multi wheeled trailers. 

Hanford has a network of paved roads. Only 104 km of the 420 km (65 of 261 mi) of these roads are accessible 
to the public. Hanford is also crossed by State Route 240, which is the main route traveled by the public. Most 
onsite employee travel is on Route 4, the primary highway from the Tri-Cities to mos.t Hanford outer area work 
locations. A recently constructed access road between State Route 240 and the 200 West Area has alleviated 
peak traffic congestion on Route 4. Access to the outer areas (100 and 200 Areas) is controlled by DOE at the 
Yakima, Wye, and the new Rattlesnake barricades. 

Onsite rail transport is provided by a short-line railroad owned by DOE, which controls all access. Hanford's 
railroad is a Class III Railroad System, as defined by the Federal Railroad Administration. Its common carrier 
tie is with the Union Pacific Railroad in Richland. A series of maintenance upgrades to the site's main trackage 
was completed in 1994. The Hanford railroad will continue to support site cleanup in a variety of ways, such as 
transporting liquid waste, contaminated soils, construction materials, spent nuclear fuel, large equipment, and 
closure materials. 

Electricity, the only regional utility service supplied to Hanford, is provided by the Bonneville Power 
Administration (BPA). A site electrical transmission and distribution system is used to provide power to the 
majority of Hanford. The city of Richland distributes power for about 3 percent of the total site usage. Hanford 
is a Priority Finn customer, and the BPA is contractually obligated to provide as much power as the site requires. 
Being a Priority Finn customer ensures that, in the event of severe regional power shortages, _Hanford (along 
with other Priority Finn customers) would be the last level of BPA service to be shut off. Power to the BPA grid 
is dominated by hydropower (more than 70 percent), which provides a typically reliable source of power. 
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Hydropower is normally more constrained by seasonal variation in peak demand than in meeting momentary 
peak demand levels. The Northwest Sub-Regional Power Pool capabilities are shown in Table 3.2.2-2. 

Natural gas, provided by the Cascade Natural Gas Corporation, is currently used in a few locations on Hanford. 
Fuel oil and propane are also used in some areas. Coal is currently used to fuel the 200 East Area central steam 
plant, which also supplies steam to the 200 West Area. The steam system (production and distribution) in the 
200 Areas was built in the 1940s, and upgrade and replacement are required to maintain reliability. Natural gas, 
in conjunction with distributed package boilers, is planned for alternative steam production and heating systems. 
These improvements are planned for 1996. 

Table 3.2.2-2. Northwest Sub-Regional Power Pool Electrical Summary 

TypeFuel8 

Coal 

Nuclear 

Hydro/geothermal 
Oil/gas 

Other1> 

Characteristics 

Total Annual Production 

Total Annual Load 

Energy Exported Annually 

Generating Capacity 

Peak Demand 

Capacity Marginc 

8 Percentages do not total 100 percent due to rounding. 
b Includes power from both utility and nonutility sources. 

Energy Production 

34% 

3% 

46% 

7% 

11% 

256,404,000 MWh 

250,045,000 MWh 

6,359,000 MWh 

49,596MWe 

33,325 MWc 

13,655MWe 

c Capacity margin is the amount of generating capacity available to provide for scheduled maintenance, emergency outages, system 
· operating requirements, and unforcsccn electrical demand. 

Source: NERC 19.93a. 

The Columbia River is the primary source of raw water for Hanford. The average annual river flow through the 
site is approximately 203 million I/minute (min) (50 million gal/min). The Export Water System, with a capacity 
of 124,900 I/min (33,000 gal/min), serves the 200 Areas and most of the shutdown 100 (reactor) Areas. The 100 
K East and K West Areas have an independent river source. Wells supply water to the 400 Area and a variety of 
low-use facilities at remote locations. The administrative and research areas in north Richland are supplied with 
water by the city of Richland. 

Most of the weapons-usable Pu at Hanford is stored in the PFP. The PFP is a group of buildings located in an 
enhanced security portion of 200 West Area around the 234-52 Building. The total area (all levels) is 
appro~i~ately 25,000 m2 (270,000 fi2), including processing and all service/support space. 

The PFP complex includes the following: Pu processing systems in gloveboxes and cells, HVAC systems (some 
with multiple stages of HEPA filtration), analytical laboratory, developmental laboratory, maintenance shops, 
administrative offices; security features, and fire suppression systems. Additional services, such as fire protection, 
medical services, security support, steam, water, and electrical power, are provided to the PFP from site services. 
[Text deleted.] 

The original purpose of the PFP was to convert Pu nitrate into metal ingots and weapons components. The 
facility is essentially self-sustaining; its process capability is supported by scrap recycle capability, Pu storage, 
and maintenance/repair facilities. The 234-52 Building has no identified future missions beyond Pu stabilization 
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and is programmed for D&D. The newer 2736-Z Pu storage vault and two ancillary structures are located 
immediately south of the 234-52 Building and provide 8,224 storage spaces for Pu. This facility will continue 
to be utilized for Pu storage until new facilities are constructed or the Pu is shipped off site. Approximately 25 
percent of 2736-Z has been dedicated as a vault where Pu material can be stored under IAEA surveillance. 

The ROD resulting from the Plutonium Finishing Plant Stabilization Final Environmental Impact Statement 
(DOFJEIS-0244-F) decided to remove Pu material in holdup in the PFP and stabilize the holdup and other Pu
bearing material at the PFP. Following stabilization, Pu will be in a form suitable for interim storage in existing 
vaults at the PFP Facility. Low Pu content material could be treated to meet WIPP Waste Acceptance Criteria. 

Another existing facility complex at Hanford that could be used to store or process Pu is the FMEF. The FMEF 
consists of several connected buildings located in the 400 Area. The six-level Process Building (427 Building), 
the main structure of the facility, has an attached · single-level mechanical wing on the west side and an 
emergency power wing at the northwest comer. The Process Building encloses approximately 17,650 m2 

(190,000 ft2) of operating area and extends from 30 m (100 ft) above grade to about 11 m (36 ft) below grade. 
This building has never been operated and is free of contamination. The exterior walls are made of reinforced 
concrete 0.3 m (1.0 ft) thick and the cell walls are constructed of high-density concrete 1.2 m ( 4.0 ft) thick. Some 
of the walls within the facility are used as both load-bearing and radiation-shielding walls. In some locations, 
high-density concrete is used for cell-shielding walls because of specific shielding requirements. The other 
building within the FMEF complex is a two-level building (4682 Building), which is connected to the south side 
of the Process Building. The 4682 Building is divided into two portions: (1) the administrative portion known 
as the entry wing and (2) the shop portion, which was designed to house the Fuel Assembly Area for fabrication 
of MOX fuel and test assemblies for the FFIF. 
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3.2.3 AIR QUALITY AND NOISE 

Meteorology and Climatology. The climate at Hanford and in the surrounding region is characteristically that 
of a semiarid steppe. The humidity is low, and winters are mild . The average annual temperature is 11 .8 ·c 
(53.3 °F); average monthly temperatures range from a minimum of -1.5 ·c (29.3 °F) in January to a maximum 
of 24.7 •c (76.5 °F) in July. The average annual precipitation is 16.0 cm (6.3 in). The prevailing winds at 
Hanford are from the northwest. The average annual windspeed is 3.4 m/second (s) (7 .6 miles per hour [mph]) 
(HF PNL 1994b:83-84). Additional information related to meteorology and climatology at Hanford is presented 
in Appendix F. 

Ambient Air Quality. Most of Hanford is located within the South-Central Washington Intrastate Control 
AQCR (#230) with a small portion of the site being located in the Eastern Washington-Northern Idaho Interstate 
AQCR (#62). None of the areas within Hanford and its surrounding counties are designated as a nonattainment 
area (40 CFR 81.348) with respect to NAAQS for criteria pollutants (40 CFR 50). Applicable NAAQS and 
Washington Ambient Air Quality Standards are presented in Appendix F. 

Four PSD (40 CFR 52.21) Class I areas have been designated in the vicinity of Hanford: Goat Rocks Wilderness 
Area, located 145 km (90 mi) west of the site; Mount Rainier National Park, located 160 km (99 mi) west of the 
site; Mount Adams Wilderness Area, located 153 km (95 mi) southwest of the site; and Alpine Lakes Wilderness 
Area, located 177 km ( 110 mi) northwest of the site. 

Since the creation of the PSD program in 1977, permits were obtained for nitrogen dioxide (NO2) emissions 
from Pu-uranium extraction and uranium oxide plants located in the 200 Area. The maximum increases in the 
annual NO2 concentration at the Hanford boundary were estimated lo be negligible (Table 3.2.3-1). 

Ambient air quality within and near the Hanford boundary is currently monitored for NO2 and particulate 
matter. The ambient air quality data collected during the last few years are either very small percentages of the 
limits set in applicable ambient standards (sulfur dioxide [SO2] and carbon monoxide [CO]) or substantially 
lower than the limits set in applicable ambient standards. 

At Hanford, the major sources of criteria air pollutants (pollutants for which a NAAQS has been written 
including PM10, SO2, NO2, CO, ozone [03], and lead [Pb]) are coal-burning boilers and fugitive coal piles. 
Other emissions include other process emissions, vehicular emissions, and temporary emissions from various 
construction activities. Most of the process emissions at Hanford will have been discontinued, and space heating 
requirements will be met by burning natural gas by 2005 as reflected in the No Action emissions presented in 
Appendix F. " 

Table 3.2.3-1 presents the baseline ambient air concentrations for criteria pollutants and other pollutants of 
concern at Hanford. As shown in the table, baseline concentrations are in compliance with applicable guidelines 
and regulations. 

Noise. The major noise sources within Hanford include various facilities, equipment, and machines (for 
example, cooling systems, transformers, engines, pumps, boilers, steam vents, paging systems, construction and 
materials handling equipment, and vehicles). Data from two noise surveys indicate that background noise levels 
(measured as 24-hour equivalent sound level) at Hanford range from 30 to 60.5 dBA (Appendix F). The 24-hour 
background sound level at undeveloped areas at Hanford ranges from 24 to 36 dBA, except when high winds 
elevate sound levels (HF PNL 1994a:4.145). The primary source of noise at the site and nearby residences is 
traffic. Most Hanford industrial facilities are at a sufficient distance from the site boundary that noise levels at 
the boundary from these sources are not measurable or are barely distinguishable from background noise levels. 

The State of Washington has established noise standards for different source and receptor areas . Hanford 
belongs to source area Class C (industrial). The maximum allowable noise level for residential, commercial, and 
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Table 3.2.3-1. Comparison of Baseline Ambient Air Concentrations With Most Stringent Applicable 
Regulations or Guidelines at Hanford Site, 1994 

Pollutant 

Criteria Pollutants 

Carbon monoxide 

Lead 

Nitrogen dioxide 

Ozone 

Particulate matter less than or 
equal to 10 microns in diameter 

Sulfur dioxide 

Mandated by the 
State of Washington 

Gaseous fluoride 

Total suspended particulates 

Averaging Time 

8-hour 

I-hour 

Calendar Quarter 
24-hour 

Annual 

I-hour 

Annual 

24-hour 

Annual 

24-hour 

3-hour 

I-hour 

I-hour 

30-day 

7-day 

24-hour 

12-hour 

Annual 
24-hour 

Hazardous and Other Toxic Compounds 

Arsenic Annual 

Annual 

24-hour 

24-hour 

Annual 

24-hour 

Annual 

24-hour 

24-hour 

24-hour 

Cadmium 

Chromium 

Copper 

Formaldehyde 

Manganese 

Nickel 

Polycyclic organic matter 

Selenium 

Vanadium 

Most Stringent 
Regulation or Guideline3 

(µg/m3) 

10,000b 

40,000b 

1.5b 
0.5c 

100b 

235b 

sob 

150b 

52c 

260c 

1,300b 

1,018c 

655c,e 

0.8c 

1.7c 

2.9c 

3.7c 

60c 
150c 

o.00023c,g 

0.00056c,g 

1.7c,g 

3_3c,g 

o.onc,g 

0.4c,g 

o.0021c,g 
h 

0.67c,g 

o.17c,g 

Baseline Concentration 
(µg/m3) 

0.7 

2.6 

<0.01 
<0.01 

0.2 
d 

O.Ql 

0.1 

0.8 

6.6 

22.9 

47.9 

47.9 

f 

f 

f 

f 

0.01 
0.1 

0.00019 

0.00008 

0.0029 

0.0018 

0.00017 

0.0040 

0.00097 

0.19 

0.00036 

0.010 

a The more stringent of the Federal and State standards is presented if both exist for the averaging time.' 
b Federal and State standard. 
c State standard. 
d Ozone, as a criteria pollutant, is not directly emitted or monitored by the site. See Section 4.1.3 for a discussion of ozone-related 

issues. 
c The standard is not to be exceeded more than twice in any seven consecutive days. 
f No sources of the pollutant have been identified. 
g Risk-based acceptable source impact levels. 
h No State standard for indicated averaging time. 
Source: 40 CFR 50; HF 1995a: 1; WA Ecology 1994a. 
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industrial receptor areas is 50 to 70 dBA (Appendix F) . Hanford is currently in compliance with State and 
Federal noise regulations. 
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3.2.4 WATER REsOURCES 

Surface Water. Major surface water features at Hanford are the Columbia River (northern and eastern sections), 
the Yakima River, springs along the Columbia River and on Rattlesnake Mountain, and onsite ponds 
(Figure 3.2.4-1). 

The flow of the Columbia River is regulated by 11 dams within the United States, 7 upstream and 4 downstream 
of the site (HF PNL 1994a:4.40). Located approximately 10 km (6.2 mi) upstream of Hanford, the Priest Rapids 
Dam is the nearest dam, while McNary is the nearest dam downstream (80 km [50 mi]). The portion of the 
Columbia River between these dams is referred to as the Hanforq Reach. Flows through the Hanford Reach 
fluctuate significantly and are controlled primarily by operations at Priest Rapids Dam. The annual average flow 

. rate in the vicinity of Priest Rapids Dam is approximately 3,360 cubic meters (m3)/s (118,642 cubic feet [ft3]/s) 
(HF PNL 1994a:4.40). 

The Yakima River, bordering a short length of the southern portion of Hanford, has a low annual flow rate 
compared to the Columbia River (HF PNL 1994a:4.42). The average annual flow rate is about 104 m3/s 
(3,673 ft3/s) . Approximately one-third of Hanford is drained by the Yakima River System. 

Rattlesnake Springs and Snively Springs, located on the western part of Hanford, form small surface streams. 
Rattlesnake Springs flows for about 3 km (1.9 mi) before disappearing into the ground (Figure 3.2.4-1). Cold 
Creek and its tributary, Dry Creek, are ephemeral streams located in the southern portion of Hanford 
(HF PNL 1994a:4.42). These streams drain areas to the west of Hanford and cross the southwestern part of the 
site toward the Yakima River. Surface flow, when it occurs, infiltrates rapidly and disappears into the surface 
sediments in the western part of the site. 

The primary uses of the Columbia River include the production of hydroelectric power, transportation, and 
extensive irrigation in the Mid-Columbia Basin (HF PNL 1994a:4.40). Another principle use of the river is by 
the fishery industry. Several communities located along the Columbia River rely on the river as their source of 
drinking water and for recreational purposes. Water from the Columbia River along the Hanford Reach is also 
used as a source of drinking water by several onsite facilities and for industrial uses. 

Large Columbia River floods have occurred in the past, but the likelihood of recurrence of large-scale flooding 
has been reduced by the construction of several flood-control and water-storage dams upstream of the site 
(HF PNL 1994a:4.42). Major floods on the Columbia River are typically the result of rapid melting of the winter 
snowpack over a wide area augmented by above-normal ~recipitation. The largest flood on record occurred June 
7, 1894, with a peak discharge at Hanford of 21,000 m /s (741,615 ft3/s). The floodplain associated with the 
1894 flood was limited to within approximately 3 km (1.9 mi) of the banks of the river. The largest recent flood 
took place in 1948, with an observed peak discharge of 20,000 m3/s (706,300 ft3/s) at Hanford. The probability 
of flooding at the magnitude of the 1894 and 1948 floods has been greatly reduced because of upstream 
regulation by dams (HF PNL 1994a:4.42). 

Major flooding of the Yakima River, which has occurred several times this century, could extend into a small 
portion of the southern section of Hanford, but the upstream Yakima River is physically separated from Hanford 
by Rattlesnake Mountain, which would prevent major flooding on Hanford (HF PNL 1994a:4.43). There are no 
Federal Emergency Management Agency (FEMA) floodplain maps for the Hanford Reach of the Columbia 
River. FEMA only maps developing areas, and the Hanford Reach is specifically excluded. 

Surface Water Quality. The State of Washington has classified the stretch of the Columbia River from Grand 
Coulee to the Washington-Oregon border, which includes the Hanford Reach, as Class A, excellent raw drinking 
water, recreation area, and wildlife habitat. The Columbia River is currently in compliance with applicable State 
and Federal drinking water standards (HF PNL 1994a:4.58). 
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Figure 3.2.4-1. Surface Water Features at Hanford Site. 
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Water samples have been collected periodically from the Hanford Reach of the Columbia River. Radionuclides 
consistently detected in the river during 1993 were iodine-129 (1-129), strontium-90 (Sr-90), tritium, U-234, and 
uranium-238 (U-238). In addition, technetium-99 (Tc-99), U-238, and Pu-239/240 were detected in 50 percent 
or more of the samples analyzed during the year. Total alpha and beta measurements were similar to previous 
years and were approximately 5 percent or less of the applicable drinking water standards of 15 and 50 
picocuries (pCi)/1 (4 pCi/gal and 13.2 pCi/gal), respectively. These measurements are useful indicators of the 
general radiological quality of the river and, because results are obtained quickly, provide an early indication of 
changes in radioactive contamination levels. Tritium measurements at Richland were all well below State and 
Federal drinking water standards. All nonradiological water quality standards were met for Class A-designated 
water (HF PNL 1994a:4.58). Surface water quality data downstream of Hanford are presented in Table 3.2.4-1. 

Surface Water Rights and Permits. The Department has asserted, and continues to assert, a federally reserved 
water withdrawal right to obtain water from the Columbia River. Currently, Hanford withdraws approximately 
13.5 billion I/yr (3.57 billion gal/yr) of water from the Columbia River. 

Groundwater. Groundwater under Hanford occurs in unconfined and confined aquifers. The unconfined aquifer 
lies within the boundaries of the Pasco Basin contained within glaciofluvial sands and gravels of the Hanford 
Formation as well as the flu vial and lacustrine sediments of the Ringold Formation. Across the site, groundwater 
generally flows easterly through sands and gravels of the middle member of the Ringold Formation of the 
unconfined aquifer. The base of the aquifer is the Columbia River Basalt or, in some areas, the clay zones of the 
lower member of the Ringold Formation. The aquifer thickness ranges from 15 to 61 m ( 49 to 200 ft), where it 
thins along the flanks of bordering structures. As a result of local water disposal to surface ponds, the water table 
has risen as much as 27 m (89 ft) in the 200 West Area (HF PNL 1994a:4.54). This has caused groundwater 
mounding, including radial and northward flow components, in the 200 Areas. Depth to groundwater ranges 
from approximately 24 to 80 m (79 to 262 ft) across Hanford. Figure 3.2.4-2 shows the water table elevations 
md the direction of groundwater movement. 

The unconfined aquifer is recharged from rainfall and runoff from higher bordering elevations to the west, water 
infiltrating from small ephemeral streams, river water along influent reaches of the Yakima and Columbia 
Rivers, and upward leakage from the lower confined aquifers and from artificial recharge (agricultural irrigation 
and waste disposal operations at Hanford). In the Hanford vicinity, groundwater is discharged primarily along 
the Columbia River, with lesser amounts going to the Yakima River (HF PNL 1994a:4.52). 

The confined aquifers at Hanford consist of sedimentary interbeds and interflow zones that occur between basalt 
flows in the Columbia River Basalt Group. Main water-bearing portions of the interflow zones occur within a 
network of interconnecting vesicles and fractures of the flow tops or flow bottoms. The confined aquifers are 
continuous throughout most of the Pasco Basin except where the aquifers have been eroded or stratigraphically 
pinched out. The thickness of these aquifers varies from several centimeters to at least 52 m (171 ft). Recharge 
of the confined aquifer occurs primarily where the basalt formations are at or near ground levels as water 
infiltrates from precipitation and stream runoff at areas including the Rattlesnake Hills, Yakima Ridge, 
Umtanum Ridge, and the Saddle Mountains. Groundwater from these confined aquifers is also discharged to the 
Columbia River (HF PNL 1994a:4.91). 

Groundwater Quality. Groundwater quality at Hanford has been affected by liquid waste released to the soil 
column by past and ongoing site operations. [Text deleted.] Minor quantities of the longest-lived radionuclides 
have reached the water table via a failed groundwater monitoring well casing and through reverse well injection, 
a disposal practice that was discontinued at Hanford in 194 7. The unconfined aquifer contains both radiological 
and nonradiological contaminants at concentrations exceeding water quality criteria and standards. Table 
'\2.4-2 shows the unconfined groundwater quality at Hanford. Tritium and 1-129 have been detected in the 
onfined aquifer. Contamination in the confined aquifer, however, is typically limited to areas where there is 

exchange with the unconfined aquifer (HF PNL 1994a:4.52). 
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Table 3.2.4-1. Summary of Columbia River Surface Water Quality Monitoring 
at Hanford Site (Richland Pumphouse), 1993 

Concentration8 

Water Quality 
Unit of Criteria and 

Parameter Measure Standardsb 
Alpha (gross) pCi/1 15c 

Barium mg/I 2c 

Beta (gross) pCi/1 sod 

Calcium mg/I NA 
Chloride mg/I 250e 

Chromium mg/I 0.lc 

Copper mg/I 1.oc 

Fluoride mg/I 4c, 2e 

Iodine-129 pCi/1 20f 

Iron mg/I 0.3e 
Magnesium mg/I NA 
Manganese mg/I o.ose 

Nitrate mg/I 10c 

pH pH units 6.5-8.5e 

Potassium mg/I NA 
Plutonium-239/240 pCi/1 1.2f 

Sodium mg/I NA 
Strontium-90 pCi/1 4oor 

Sulfate mg/I 25oe 

Technetium-99 pCi/1 4,ooor 

Tritium pCi/1 80,ooor 

Uranium-234 pCi/1 2or 

Uranium-235 pCi/1 24f 

Uranium-238 pCi/1 24f 

Zinc mg/I 5e 

a Data are average values from four separate sampling events. 
b For comparison purposes only. 
c National Primary Drinking Water Regulations (40 CFR 141). 

High 
1.69 

0.036 

2.8 

22.1 

1.2 

<2.0xI0·2 

0.0033 

0.3 

0.00014 
0.0673 

5.367 

0.0071 

0.58 

8.6 

1.225 
7.82xl0-5 

2.83 
l.37xl0-l 

11.6 

0.25 

162 

3.56xl0-1 

2.20xlo·2 

3.19xlO·l 

<0.02 

d Proposed National Primary Drinking Water Regulations: Radionuclides (56 FR 33050). 
c National Secondary Drinking Water Regulations (40 CFR 143). 

Low 
<l.18xl0·3 

0.029 

NR 
17.0 

1.01 
5.4xl0·3 

<0.002 

0.1 

NR 
0.034 

4 .055 

<0.0014 

0.35 

8.1 

0.087 

<3.25x10·6 

2.436 

<2.39x10·2 

8.2 

NR 
48.6 

l.89xlO·l 

<-5.05xl0-4 

l.44xl0· 1 

<0.0026 

f DOE Derived Concentration Guides (DCG) for water (DOE Order 5400.5), DCG values are based on a committed effective dose 
of I 00 mrem per year; however, because the drinking water maximum contaminant level is based on 4 mrem per year, the number 
listed is 4 percent of DCG. All concentrations of radionuclides are determined by subtracting the instrument background 
environmental level from the monitored location. A negative or zero incremental concentration means that the concentration at 
the sampling location is equivalent to the background environmental level. 

Note: mg/l=milligrams per liter; pCi/l=picocuries per liter; NA=not applicable; NR=not reported. 
Source: HF PNL 1994a. 

Tritium and nitrate plumes have been identified in the unconfined aquifer at Hanford. Because both are 
ubiquitous in liquid waste streams and are highly mobile in groundwater, they can be used as good indicators 
of the extent of groundwater contamination at Hanford. The major plume of tritium-contaminated groundwater 
has continued to move eastward over the years and has seeped into the Columbia River (HF PNL 1992a:157). 
The generalized locations of the major plumes are shown on Figure 3.2.4-2 . 

.Jroundwater Availability, Use, and Rights. Groundwater in the Pasco Basin area is used for domestic, industrial, 
and agricultural purposes. The principal groundwater users within Hanford are the FFTF, the PNL, and remote 
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Table 3.2.4-2. Groundwater Quality Monitoring in the Unconfined Aquifer at Hanford Site, 1993 

Existing Conditions 
1993 

Water Quality 
Unit of Criteria and 

Parameter Measure Standards8 High Low 

1,2-Dichloroethy Jene mg/1 0 .007b 180 <dL 

Carbon tetrachloride mg/I o .oo5b 7 <dL 

Cesium-137 pCi/1 120c 2,087d <dL 

Chromium mg/1 0.lb 19.1 <dL 

Cobalt-60 pCi/1 400c 423 <dL 

Iodine-129 pCi/1 20c 64.2 <dL 

Nitrate mg/I 10b 870 <dL 

Plutonium-239/240 pCi/1 1.2c 125d <dL 

Strontium-90 pCi/1 400c 7,89Cf <dL 

Technetilim-99 pCi/1 4,oooc 20,5oof <dL 

Tetrachloroethylene mg/1 o.oo5b 0.0059 <dL 

Trichloroethylene mg/1 0 .005b 0.061 <dL 

Tritium pCi/1 80,000C 3,590.~ <dL 

Uranium, Total mg/1 0 .02h 3,32d <dL 

8 For comparison purposes only. 
b National Primary Drinking Water Regulations (40 CFR 141). 
c DOE DCG for water (DOE Order 5400.5). DCG values arc based on a committed effective dose of JOO mrem per year; however, 

because the drinking water maximum containment level is based on 4 mrem per year, the number listed is 4 percent of the DCG. 
d Found in well 299-E28-25. 
e Found in well 299-E28-23. 
f Found in well 299-Wl9-24. 
g Found in well 299-El7-9. 
h Proposed National Primary Drinking Water Regulations, Radionuclides (56 FR 33050). 
i Found in well 299-Wl9-29. 
Note: dL=detcction limit. 
Source: HF PNL 1994c. 

training arid laboratory facilities. Currently, DOE asserts a federally reserved w~ter withdrawal right with respect 
to its existing Hanford operations and withdraws approximately 195 million Vyr (51.6 million gaVyr). 
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3.2.5 GEOLOGY AND SOILS 

Geology. Hanford is located in a portion of the Pasco Basin, a topographic and structural depression in the 
southwest comer of the Columbia Basin physiographic subprovince. The Columbia Basin is a subprovince of 
the Columbia Intermontane physiographic province and is characterized by generally low-relief hills with 
incised river drainages. The Columbia Plateau is that portion of the Columbia Intermontane physiographic 
province that is underlain by the Columbia River Basalt Group and includes the Columbia Basin (HF PNL 
1994a:4.20). The site is bounded on the west, southwest, and north by anticlinal rid_ges that trend eastward from 
the Cascade Mountains; on the east by the Columbia River with its steep, west-facing white bluffs; and on the 

. southeast by the confluence of the Yakima and Columbia Rivers. 

The stratigraphy of Hanford consists of Miocene-age and younger rocks which overlay older Cenozoic 
sedimentary and volcaniclastic basement rock. The major geologic units underlying Hanford are, in ascending 
order: subbasalt (basement) rocks, the Columbia River Basalt Group, the Ellenburg Formation, the Ringold 
Formation, the Plio-Pleistocene unit, early "Palouse" soil, and the Hanford Formation. 

The Pasco Basin is filled with greater than 3 km (1.8 mi) of basalt of the Columbia River Basalt Group that 
overlies probable metasedimentary and metavolcanic rocks intruded by Mesozoic granitic rocks (HF DOE 
1995g:4-7). The Columbia River Basalt Group consists of an accumulation of Eocene- to Pliocene-age basalt 
flows emitted concurrently with basin subsidence. Within and overlying the basalt sequence are tuffs and 
tuffaceous sediments of the Ellenburg Formation. This unit is overlain by the Mio-Pliocene Ringold Formation, 
a sequence of fluvial-1.icustrine gravels and sands and floodplain silts and clays. These sediments were deposited 
by the ancestral Columbia River and its tributaries that flowed across the Pasco Basin after volcanic activity 
ceased. The upper part of the Ringold Formation is represented by an approximately 12-m (40-ft) bed in the 
'1/estem part of Hanford. The Plio-Pleistocene unit is a locally derived unit consisting of a sidestream alluvium 
md/or pedogenic calcrete and occurs at the unconformity between the Ringold Formation and the Hanford 

iormation (HF PNL 1994a:4.27). Overlying this unit in the Cold Creek syncline area is an aeolian silt and fine 
grained sand (early "Palouse" soil). 

The tertiary sediments and basalts were locally eroded and truncated by a sequence of gigantic floods that took 
place within the past 100,000 years. These floods formed a channeled scabland that crosses the central and 
northeastern part of Hanford. This flooding deposited as much as 162 m (532 ft) of sands, gravels (Pasco 
Gravel), and clays (Touchet Beds) of the Hanford Formation. These units are, in tum, overlain by Holocene 
aeolian, alluvial, and landslide deposits interbedded with three to four thin, regional ash falls. Tectonic activity 
has continued through the Holocene, as evidenced by progressive warping of the Ringold Formation, decreasing 
upward through the section, and tilting of the Touchet Beds. 

Hanford lies on the Hanford alluvial plain. Basalt outcrops are exposed on anticlinal ridges at Gable Mountain, 
Gable Butte, and the Saddle Mountains in the northern part of the reservation and on Rattlesnake Hills and 
Yakima Ridge, overlapping the western and southwestern edges of the reservation. Other than gravel, no 
economically viable geologic resources have been identified at Hanford. 

The Modified Mercalli Intensity (MMI) scale, which evaluates earthquake intensity, and the Richter scale, 
which measures an earthquake's magnitude and energy, are both used to assess potential earthquake risk. Table 
3.2.5-1 illustrates the approximate correlation between the MMI scale, the Richter scale, and maximum ground 
acceleration. 

According to the 1994 Uniform Building Code, Hanford is in seismic zone 2B (ICBO 1994a). However, for this 
'EIS, Uniform Building Code Seismic Zones 2A and 2B were consolidated into Seismic Zone 2 (Figure 
.2.5-1 ). Seismic Zones 2A and 2B differ only in that Seismic Zone 2B represents the potential for slightly more 

damage than 2A corresponding to an earthquake intensity VII on the MMI scale. 
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Table 3.2.5-1. The Modified Mercalli Intensity Scale of 1931, With Approximate Co"elations 
to Richter Scale and Maximum Ground Accelerationa 

Modified 
Mercalli 

Intensityb 

I 

II 
III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 
XII 

Observed Effects of Earthquake 

Usually not felt 

Felt by persons at rest, on upper floors or favorably placed 

Felt indoors; hanging objects swing; vibration like passing of light 
truck occurs; might not be recognized as earthquake 

Felt noticeably by persons indoors, especially in upper floors; 
vibration occurs like passing of heavy truck; jolting sensation; 
standing automobiles rock; windows, dishes, and. doors rattle; 
wooden walls and frames may creak 

Felt by nearly everyone; sleepers awaken;Jiquids disturbed and may 
spill ; some dishes break; small unstable objects are displaced or 
upset; doors swing; shutters and pictures move; pendulum clocks 
stop or start 

Felt by all ; many are frightened; persons walk unsteadily; windows 
and dishes break; objects fall off shelves and pictures fall off 
walls; furniture moves or overturns; weak masonry cracks; small 
bells ring; trees and bushes shake 

Difficult to stand; noticed by car drivers; furniture breaks; damage 
moderate in well built ordinary structures; poor quality masonry 
cracks and breaks; chimneys break at roof line; loose bricks, 
stones, and tiles fall; waves appear on ponds and water is turbid 
with mud; small earthslides; large bells ring 

Automobile steering affected; some walls fall; twisting and falling 
of chimneys, stacks, and towers; frame houses shift if on 
unsecured foundations ; damage slight in specially designed 
structures, considerable in ordinary substantial buildings; changes 
in flow of wells or springs; cracks appear in wet ground and steep 
slopes 

General panic; masonry heavily damaged or destroyed; foundations 
damaged; serious damage to frame structures, dams and 
reservoirs; underground pipes break; conspicuous ground cracks 

Most masonry and frame structures destroyed; some well built 
wooden structures and bridges destroyed; serious damage to dams 
and dikes; large landslides; rails bent 

Rails bent greatly; underground pipelines completely out of service 

Damage nearly total; large rock masses displaced; objects thrown 
into air; lines of sight distorted 

Approximate 
Richter 

Magnitudec 

<2 

2-3 

3 

4 

5 

6 

7 

8 

9 

Maximum 
Ground 

Accelerationd 

negligible 

<0.003 G 

0.003 to 
0.007 G 

0.007 to 
0.015 G 

0.015 to 
0.03G 

0.03 to 
0 .09G 

0.07 to 
0.22G 

0.15to 
0.3G 

0.3 to 
0.7G 

0.45 to 
1.5 G 

0.5 to 3 G 

0.5 to 7 G 

a This table illustrates the approximate correlation between the MMI scale, the Richter scale, and maximum ground acceleration. 
b Intensity is a unitless expression of observed effects. 
c Magnitude is an exponential function of seismic wave amplitude, related to the energy released. 
d Acceleration is expressed in relation to the earth's gravitational acceleration (G). 
Source: ICSSC 1985a; PPI 1994a. 

Seismicity of the Columbia Plateau, as determined by the rate of earthquakes per area and the historical 
magnitude of these events, is relatively low when compared with other regions of the Pacific Northwest, the 
Puget Sound area, and western Montana/eastern Idaho (areas where several large earthquakes, Richter 
magnitude greater than 7, have occurred). Between 1870 and 1980, only five earthquakes occurred in the 
Columbia Plateau region that had MMI of VI or greater, and all these events occurred prior to 1937. The largest 
known earthquake in the Columbia Plateau (magnitude 5.75 and maximum MMI of VII) occurred in 1936 
around Milton-Freewater, Oregon, approximately 100 km (62 mi) southeast of Hanford. In the central portion 
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of the Columbia, the largest earthquakes near Hanford were two earthquakes that occurred in 1918 and 1973. 
Each was approximate magnitude 4.5 and MMI V, and located north of Hanford. Most of the earthquakes in the 
central Columbia Plateau occur north or northeast of the Columbia River as "earthquake swarms," which are 
clusters of low intensity earthquakes (MMI less than V) occurring over a short period of time (HF PNL 
1994a:4.36). · 

Most known faults at Hanford are associated with anticlinal fold axes and include thrust, reverse, and normal 
faults. Faulting has occurred concurrently with folding. The age of latest displacement for the major features is 
less than 10.5 million years, but some steep dipping faults in the Rattlesnake Hills uplift may be as young as 
7,000 years. Some faults in Central Gable Mountain (north-central Hanford) are capable faults as defined in 
10 CFR 100, Appendix A. 

Landslides are present in the region and have been generally attributed to earthquake activity. Recent findings, 
however, suggest these features are actually related to glacial flooding and periods of soil saturation with water. 
Only the slopes of the enclosing anticlinal ridges, including Gable Mountain and White Bluffs, are steep enough 
for landslide concern. White Bluffs east of the Columbia River poses the greatest concern because of the clay
rich nature of some beds above the river level, the discharge of large quantities of irrigation water into the 
ground atop the cliffs, the surface incline toward the Columbia River, and the eastward channel migration of the 
Columbia and its undercutting of the adjacent bluffs. Landslides could fill the Columbia River channel and 
divert water onto the reservation. 

Several major volcanoes are located in the Cascade Range west of Hanford, including Mount Adams, located 
164 km (102 mi) from Hanford, and Mount St. Helens, located approximately 218 km (134 mi) west-southwest 
from Hanford. As a result of the 1980 Mount St. Helens eruption, approximately 0.1 cm (0.04 in) of volcanic 
:ish fell in a 9-hour period at Hanford . 

. foils. Hanford is primarily underlain by soils of the Ritzville-Willis, Warden-Shano, Walla-Walla-Endicott
Lickskillet, and Bezel-Quincy-Burbank associations. These soils tend to vary in texture from sand to silty and 
sandy loam derived from five types of parent material: recent alluvium, old alluvium (glacial outwash), 
windblown sand, lacustrine deposits, and loess. The mineralogy of these soils results from weathering of local 
basalts, igneous and metamorphic rocks exposed to the north and east. The hazard of soil erosion varies from 
slight to severe. Water erosion becomes more severe with increasing slope; wind erosion becomes more severe 
on water-eroded slopes. The soils at Hanford are considered acceptable for standard construction techniques. 

3-40 



-

c=J ,~·,, .. , ---
Zone O: No damage 

Zone 1: Minor damage 

Zone 2a: Moderate aamage 
Zone 3: Major damage 

Zone 4: Severe damage 

Site locatlon1 
1 Hanford Site, Washington 
2 Nevada Test Site, Nevada 
3 Idaho National Engineering Laboratory, Idaho 
4 Pantex Plant, Texas 
5 Oak Ridge Reservation, Tennessee 
6 Savannah River Stte, South Carolina 
7 Rocky Flats Environmental Technology Site, Colorado 
8 Los Alamos National Laboratory, New Mexico 

a Includes Zones 2A and 2B. Source: ICBO 19\Ma. 

Figure 3.2.5-1. Seismic Zone Map of the United States. 
2387/S&O 



Storage and Disposition of Weapons-Usable 
Fissile Materials Final PEIS 

3.2.6 BIOLOGICAL RESOURCES 

Terrestrial Resources. Vegetation at Hanford has been characterized as shrub-steppe. Present site development 
consists of clusters of large buildings that are found at widely spaced locations. Developed areas encompass 
about 6 percent of the site. The remaining areas of the site can be divided into 10 major plant communities 
(Figure 3.2.6-1). Hanford is dominated by communities in which big sagebrush is a major component. Other 
plant communities contain a variety of grasses and herbaceous plants . Areas previously disturbed by agricultural 
activities are dominated by nonnative species, such as cheatgrass. Trees are uncommon on the site, but those 
that are present include cottonwood and willow, which are both found near water bodies, and a few other 
deciduous species, which were originally planted near farmsteads as windbreaks. Nearly 600 species of plants 
have been identified at Hanford (DOE 19950:4-85). 

Hanford provides suitable habitat for numerous animal species, including 12 species of amphibians and reptiles, 
187 species of birds, and 39 species of mammals (HF PNL 1994a:4.99,4.103). Common animal species at 
Hanford include the side-blotched lizard, gopher snake, western meadowlark, horned lark, Great Basin pocket 
mouse, and black-tailed jackrabbit. Trees planted around former farmsteads serve as nesting platforms for 
several species of birds, including hawks, owls, ravens, magpies, and great blue herons; these trees also serve 
as night roosts for bald eagles (HF PNL 1994a:4.92,4.93). The Hanford Reach of the Columbia River, including 
several sparsely vegetated islands, provides nesting habitat for the Canadian goose, ring-billed gull, Forster's 
tern, and great blue heron. Although several game animals are found at Hanford, only waterfowl hunting is 
permitted on site north of the Columbia River (HF 1992a: 1 ). Numerous raptors, such as the Swainson's hawk 
and red-tailed hawk, and carnivores, such as the coyote and bobcat, are found on Hanford. A variety of 
migratory birds has been found at Hanford. Migratory birds, as well as their nests and eggs, are protected by the 
Migratory Bird Treaty Act. Eagles are similarly protected by the Bald and Golden Eagle Protection Act. 

vegetative cover in the vicinity of the 200 Area, the proposed location of storage facilities, falls within the 
sagebrush and cheatgrass-Sandberg bluegrass community (Figure 3.2.6-1). Associated shrubs and grasses of 
this community include gray rabbitbrush, green rabbitbrush, hopsage, snowy buckwheat, Indian rice grass, 
thickspike wheatgrass, and needle-and-threadgrass. Common animal species found on the proposed site are 
expected to be similar to those described for Hanford as a whole. 

Wetlands. Primary wetland areas at Hanford are found in the riparian zone along the Columbia River. The 
extent of this zone varies, but it includes large stands of willows, grasses, and other plants. This area has been 
extensively affected by hydropower operations at Priest Rapids Dam (DOE 19950:4-89). 

Other large areas of wetlands at Hanford can be found north of the Columbia River within the Saddle Mountain 
National Wildlife Refuge and the Wahluke Wildlife Unit Columbia Basin Area. These two areas encompass all 
the lands extending from the north bank of the Columbia River northward to the site boundary and east of the 
Columbia River down to Ringold Springs. Wetland habitat in these areas consists of fairly large ponds resulting 
from irrigation runoff. These ponds have extensive . stands of cattails and other emergent aquatic vegetation 
surrounding the open water regions . They are extensively used as nesting sites by waterfowl (HF PNL 
1994a:4.113): 

On the western side of Hanford, Rattlesnake Springs supports a riparian zone of about 2.5 km ( 1.6 mi) in length, 
featuring watercress, bulrush, spike rush, cattail and peachleaf willow. Snively Springs also contains a diverse 
biotic community similar to Rattlesnake Springs (HF PNL 1994a:4.112). 

,everal semi-permanent artificial ponds and ditches that r:eceive cooling water or irrigation wastewater are also 
,resent on Hanford near the 200 Area and support wetland vegetation (that is, cattails, reeds, and willows) 

around their periphery. These wetlands provide habitat for songbirds, shorebirds, and waterfowl. 
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Aquatic Resources. Aquatic resources on Hanford include the Columbia River, ephemeral streams, springs, 
surface ponds, and ditches. The Columbia River flows along the northern and eastern edges of Hanford 
(HF PNL 1994a:4.106). 

The Hanford Reach supports 44 anadromous and resident species of fish. Many of the fish species present in the 
Hanford Reach are dependent upon flowing water and rocky substrate for at least part of their life cycles. Fall 
chinook salmon, steelhead trout, mountain whitefish, and smallmouth bass spawn in this area. The destruction 
of other mainstream Columbia River spawning areas by dams has increased the relative importance of the 
Hanford Reach for spawning (HF PNL 1994a:4.110). 

The Hanford Reach provides a migration route to upstream spawning areas for spring, summer, and fall adult 
chinook salmon, coho salmon, sockeye salmon, and steelhead trout. It also provides rearing habitat for the 
salmonid juveniles in their downstream migration to the sea. Principal resident fish species sought by anglers in 
the Hanford Reach include mountain whitefish, white sturgeon, smallmouth bass, crappie, catfish, walleye, and 
perch (HF PNL 1994a:4.110,4.112). 

The Yakima River borders the southern portion of Hanford. Game fish found in the river in the vicinity of the 
site are smallmouth bass, steelhead trout, and channel catfish. Cold Creek and its tributary, Dry Creek, are 
ephemeral streams within the Yakima River drainage system along the southern boundary of Hanford. These 
streams do not support any fish populations (HF 1992a:2; HF PNL 1994a:4.42). 

There are several springs at Hanford. Rattlesnake Springs and Snively Springs, located in the western portion 
of the site, form short streams which seep into the ground (Figure 3.2.4-1). None of the springs support any fish 
populations (HF PNL 1984a:3.40; HF PNL 1994a:4.112). 

The release of wastewater at Hanford facilities has created four semipermanent artificial ponds and several 
ditches that did not exist before these facilities were built. These are temporary and will disappear if the 
industrial release of water is terminated. All of the ponds, except West Pond and one ditch on the site, support 
goldfish. West Pond was created by a rise in the water table and is not fed by surface flow; thus, it is alkaline 
and has a reduced complement of biota (Figure 3.2.4-1) (HF PNL 1978a:2,3,5,10,13). 

Threatened and Endangered Species. Sixty-five federally and State-listed threatened, endangered, and other 
special status species may be found in the vicinity of Hanford, 13 of these are federally or State-listed as 
threatened or endangered (Table 3.2.6-1). Forty-one species listed in Table 3.2.6-1 have been observed at 
Hanford or the Hanford Reach of the Columbia River, including nine of the federally or State-listed endangered 
or threatened species. Once specific project site locations have been determined, site surveys will verify the 
presence of special status species. No critical habitat, as defined in ESA (50 CFR 17.11 and 17.12), exists on 
Hanford. 

The bald eagle is the only federally listed species known to be found at Hanford. It is a regular winter resident 
along the Hanford Reach, where it forages for salmon and waterfowl. Trees in the historic Hanford Townsite 
area are used by eagles for perching; however, eagles do not nest at Hanford. The peregrine falcon is a migrant 
in the Hanford area. The Aleutian Canada goose and Oregon silverspot butterfly are not known to occur on the 
site. 

Several State-listed animal species have been observed at Hanford. The ferruginous hawk is known to nest on 
transmission towers and forages over much of the site. Habitats similar to those used by this species for foraging 
are relatively common at Hanford; however, nesting sites are more limited (DOE 1992e:4-26). Pygmy rabbits 
have only rarely been seen at Hanford. [Text deleted.] Species occurring along the Hanford Reach include the 
American wh ite pelican and sandhill crane . The sandhill crane is also found in upland habitats 
(DOE 1992e:4-27; DOE 19950:4-93). 
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State-listed plant species observed at Hanford include Columbia milk-vetch, Columbia yellowcress, and dwarf 
desert primrose. Columbia milk-vetch has been found onsite on top of Umtanum Ridge above the Midway 
substation. Columbia yellowcress occurs in the wetted zone of the water 's edge along the Columbia River. It 
has been observed between the 100 B Area and the old Hanford Townsite. Dwarf desert primrose is known to 
grow in Ringold Flats and in a gravel pit approximately 2.5 km -(1.6 mi) north of Wye Barricade (Figure 
3.2.1-1) (HF WHC 1992a:3-1,3-5,3-6). Other State-listed plant species found in the vicinity of Hanford include 
northern wormwood and Hoover's desert parsley. 

Table 3.2.6-1. Federally and State-listed Threatened, Endangered, and Other Special Status Species That 
May Be Found on or in the Vicinity of Hanford Site 

Common Name 
Mammals 

Fringed myotis 
Long-eared myotis 
Long-legged myotis 
Merriam's shrewb 
Northern grasshopper mouseb 
Pacific western big-eared batb 
Pallid batb 
Pygmy rabbitb 
Sagebrush voleb 
Small-footed myotis 
[Text deleted.] 

Birds 
Aleutian Canada goosec 
American white pelicanb,d 
Ash-throated flycatcher 
Bald eagleb,c,d 

Black ternb 
Black-crowned night heron 
Black-necked stilt 
Common loond 
Ferruginous hawkb 
Flarnrnulated owlb 
Forester's tern 
Golden eagle 
Grasshopper sparrow 
Gray flycatcher 
Great blue heronb 
[Text deleted.] 
Le;is' woodpecker'> 
Loggerhead shrikeb 
Long-billed curlew 
Northern goshawkb 
Osprey 
Peregrine falconb,c 
Prairie falconb 
Sage sparrowb 
Sage thrasher 
Sandhill craneb,d 

Scientific Name 

Myotis thysanodes 
Myotis evotis 
Myotis volans 

Sorex me"iami 
Onychomys leucogaster 
Plecotus townsendii townsendii 

Antrowus pallidus 
Brachylagus idahoensis 
Lagurus curtatus 
Myotis ciliolabrum 

Branta canadensis leucopareia 
Pelecanus erythrorhynchos 
Myiarchus cinerascens 
Haliaeetus leucocephalus 
Chlidonius niger 
Nycticorax nycticorax 
Himantopus mexicanus 

Gavia immer 
Buteo regalis 
Otus fammeolus 

Ste ma forsteri 
Aquila chrysaetos 
Ammodramus savannarum 
Empidonax wrightii 
Anlea herodias 

Melanerpes lewis 

Lanius ludovicianus 
Numenius americanus 

Accipiter gentilis 
Pandion haliaetus 

Falco peregrinus 
Falco mexicanus 
Amphispiza belli 
Oreoscoptes montanus 
Grus canadensis 

Federal 

NL 
NL 
NL 
NL 
NL 
NL 

. NL 
NL 
NL 
NL 

T 
NL 
NL 
T 

NL 
NL 
NL 
NL 
NL 
NL 
NL 
NL 
NL 
NL 
NL 

NL 
NL 
NL 
NL 
NL 

E (S/A) 
NL 
NL 
NL 
NL 

Status8 

State 

M 
M 
M 
C 
M 
C 
M 
E 
M 
M 

E 
E 
M 
T 
M 
M 
M 
C 
T 
C 
M 
C 
M 
M 
M 

C 
C 
M 
C 
M 
E 
M 
C 
C 
E 
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Table 3.2.6-1. Federally and State-Listfd Threatened, Endangered, and Other Special Status Species That 
May Be Found on or in the Vicinity of Hanford Site-Continued 

Status• 

Common Name Scientific Name Federal State 
Birds (continued) 

Swainson's hawkb Buteo swainsoni NL C 
Turkey vulture Cathanes aura NL M 
Western bluebirdb Sialia mexicana NL C 
Western b1:ll'fowing owlb Athene cunicularia hypugea NL C 
Western grebe Aechmophorus occidentalis NL M 
Western sage grouseb Centrocerus urophasianus phaios NL C 

Reptiles 
Desert night snakeb Hypsiglena torquata NL M 

Amphibians 
Woodhouse's toadb Buo woodhousei NL M 

Fish 
Mountain sucke~ Catostomus platyrhnchus NL M 
Piute sculpind Cottus beldingi NL M 
Reticulate sculpind Cottus perplexus NL M 
Sandro lie~ Percopsis transmontana NL M 

Invertebrates 
Columbia River tiger beetle Cicindela columbica NL C 
Giant Columbia River limpet Fisherola nuttalli NL C 
Great Columbia River spire snaild Fluminicola columbianus NL C 
Oregon silverspot butterfly Speyeria zerene hippolyta T E 

Plants 
Bristly cyptantha Cryptantha interrupta NL M2 
Columbia milk-vetchb Astragalus columbianus NL T 
Columbia yellowcressb Rorippa columbiae NL E 
Dense sedgeb Carexdensa NL s 
Desert dodder Cuscuta denticulata NL Ml 
Dwarf desert primroseb Oenothera pygmaea NL T 
False-pimpernelb Lindemia dubia var. anagallidea NL s 
Gray cryptanthab Cryptantha leucophaea NL s 
Hoover's desert parsley Lomatium tuberosum NL T 
Northern wormwood Anemisia campestris borealis var. NL E 

wormskioldii 

Piper's daisl Erigeron piperianus NL s 
Shining flatsedgeb Cyperus bipartitus NL s 
Southern mudwortb Limosella acaulis NL s 
Thompson's sandwortb Arenariafranklinii var thompsonii NL M2 

a Status codes: C=State candidate; E=endangered; M=monitored animal; Ml=monitored plant- Group 1 (additional field work 
needed); M2=monitored plant- Group 2 (unresolved taxonomic question); NL=not listed; S=State sensitive; S/A=protected under 
the similarity of appearance provision of the Endangered Species Act; T=threatened. 

b Species observed on Hanford Site. 
c USFWS Recovery Plan exists for this species. 
d Occurs along the Hanford Reach of the Columbia River. 
Source: 50 CFR 17.11; 50 CFR 17.12; DOE 1992e; DOE 19950; HFPNL 1994a; ,HFWHC 1992a; WADNR 1994a; WA DOW 

1994a. 
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Sagebrush habitat is considered priority habitat by the State of Washington because of its relative scarcity in the 
State and its use as a nesting and breeding habitat by loggerhead shrikes, burrowing owls, sage sparrows, pygmy 
rabbits, sage thrashers, western sage grouse, and sagebrush voles. Most of these species have been observed at 
Hanford. 

The proposed storage site contains sagebrush habitat that is potentially suitable for use by the species listed 
above. The loggerhead shrike has been frequently observed in the vicinity and is known to select tall big 
sagebrush as nest sites. The 200 Area also contains a portion of the foraging range of nesting ferruginous hawks 
(DOE 19950:4-93) . 

3-47 



t 

I 

Storage and Disposition of Weapons-Usable 
Fissile Materials Final PEJS 

3.2.7 CULTURAL AND PALEONTOLOGICAL RESOURCES 

Prehistoric Resources. Within the boundaries of Hanford, 248 prehistoric sites have been identified. A number 
of these sites have been identified along the Middle Columbia River and in inland areas away from the river but 
near other water sources. Some dispersed evidence of human occupation has been found in the arid lowlands . 

. Sites include pithouse villages, campsites, cemeteries, spirit quest monuments (rock cairns), hunting camps and 
blinds, game drive complexes, quarries in mountains and rocky bluffs, hunting and kill sites in lowland 
stabilized dunes, and small, temporary camps near water located away from the river. 

The NRHP lists 47 prehistoric resources at Hanford. Two of these are individual sites: the Hanford Island Site 
and the Paris Site. The remaining sites are divided into seven archaeological districts. Four sites, including 
Vernita Bridge, Tsulim, and two others, are considered eligible for the NRHP by the State Historic Preservation 
Officer (SHPO). In addition, a Determination of Eligibility nomination has been prepared for Gable Mountain/ 
Gable Butte, a traditional cultural property district (DOE 19950:4-29). 

All inventory and evaluation of cultural resources at Hanford is conducted within the framework of the Hanford 
Cultural Resources Management Plan (PNL-6942 UC-600, June 1989). Archaeological surveys have been 
conducted at Hanford since 1926, and slightly less than 10 percent of the area has been examined. These surveys 
have included studies of Gable Mountain, Gable Butte, Snively Canyon, Rattlesnake Mountain, Rattlesnake 
Springs, and a portion of the Basalt Waste Isolation Project Reference Repository Location. Most of the surveys 
have focused on islands and on a 400-m ( 1,312-ft) wide area on either side of the river. From 1991 through 1995, 
the 100 Areas were surveyed, and new sites were identified. Excavations have been conducted at several sites 
on the river banks and islands and at two unnamed sites. Test excavations have been conducted at the Wahluke, 
Vernita Bridge, and Tsulim sites, and at other sites in Benton County. 

Facilities could be built or upgraded adjacent to or within the 200 or 400 Areas. An archaeological survey has 
been conduc~ed in all undeveloped parts of the 200 East Area and half of the 200 West Area (HF PNL 
1994a:4.127, 4.128). No prehistoric sites were identified. Because most of the 200 Areas are either developed 
or disturbed, it is unlikely that they contain intact archaeological deposits. Most of the 400 Area is disturbed and 
therefore is unlikely to contain intact prehistoric or historic sites. A cultural resources survey found 12 ha 
(30 acres) undisturbed in the 400 Area, and no sites were identified either within the 400 Area or within 2 km 
(1 mi) of the 400 Area. The Hanford Cultural Resources Management Plan provides for survey work before 
construction and has contingency guidelines for handling the discovery of previously unknown archaeological 
resources encountered during construction. 

Historic Resources. There are 202 historic archaeological sites and other historic localities identified at 
Hanford. Pre-Hanford-era sites and localities include homesteads, ranches, trash scatters, dumps, gold mine 
tailings, roads, and townsites, including the Hanford townsite and the East White Bluffs townsite and ferry 
landing. 

Lewis and Ciark were the first European-Americans to come to this region, during their expedition of 1803 to 
1806. Fur trappers soon followed. In the 1860s, settlement began in the area. Chinese miners came to work the 
gravel bars for gold. Farmers and cattlemen came to the area in the 1880s. The towns of Hanford, White Bluffs, 
and Ringold were established and grew. Two additional ferry operations, one at Wahluke and one at Richland, 
were established. The Hanford Engineering Works, a part of the Manhattan Project, was established in 1943. 
During that year, the residents were evacuated and nearly all the structures were subsequently razed. Pu 
produced at the Hanford 100 B-Reactor was used in the first nuclear explosion, at the White Sands Missile 
Range in New Mexico, and later in the bomb that was dropped on Nagasaki, Japan (DOE 19950:4-32). The 
Hanford 100 B-Reactor is listed as a National Mechanical Engineering Landmark, a National Historical Civil 
Engineering Landmark, a National Nuclear Engineering Landmark, and is listed on the NRHP (HF PNL 
1991a:6-3). 
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Because Hanford played an important role in the Manhattan Project and the subsequent Cold War Era, a number 
of its structures may be eligible for the NRHP. Although not all of these structures meet the Secretary of the 
Interior's 50-year requirement for eligibility, they fall under the broad themes of the Manhattan Project and Cold 
War Era nuclear production. They include buildings and structures found mainly in the 100, 200, and 300 Areas. 

The historic White Bluffs Freight Road, once an Indian road, crosses diagonally through the 200 West Area. The 
road has been determined NRHP-eligible by the SHPO, but the segment in the 200 West Area is considered a 
noncontributing element. A 100-m (328-ft) easement protects the road. Manhattan Project and Cold War Era 
structures are _in the 200 Areas; they have not been evaluated for NRHP eligibility. 

Native American Resources. Because of its location on the Columbia and Yakima Rivers, Hanford has been 
home to Native Americans for thousands of years. The Wanapum and the Chamnapum band of the Yakama tribe 
lived along the Columbia River at what is now Hanford. Some of their descendants still live nearby at Priest 
Rapids, northwest of Hanford. Other groups that visited or lived intermittently at Hanford include the Palus, 
who lived on the lower Snake River, the Walla Walla, the Nez Perce, and the Umatilla (DOE 19950:4-31). All 
these people retain secular and religious ties to the area. The Yakama, Umatilla, and Nez Perce have all been 
declared "Affected Indian Tribes," as defined in the NWPA of 1982. As such, these tribes and the Wanapum 
people, who live about 8 km (5 mi) west of the Hanford boundary, are active in decisions regarding the site. The 
tribes have expressed concerns regarding hunting, fishing, and pasture rights and access to plant and animal 
communities and important sites (HF DOE 1990e:2-20). 

The Washane, or Seven Drums religion, originated among the Wanapum people on what is now Hanford and is 
still practiced by many people on the Yakama, Umatilla, Warm Springs, and Nez Perce Reservations. The first 
Washane ceremony took place at Coyote Rapids (HF DOE 1990e:3-60). Certain indigenous plants and animals 
found at Hanford are used in religious ceremonies. Sites sacred to Native Americans at Hanford include remains 
of prehistoric villages, cemeteries, ceremonial longhouses or lodges, rock art, fishing stations, and vision quest 
sites. Culturally important localities and geographic features include Rattlesnake Mountain, Gable Mountain, 
Gable Butte, Goose Egg Hill, Coyote Rapids, and the White Bluffs portion of the Columbia River. 

Paleontological Resources. There are three geologic units at Hanford: the Columbia River Basalt group, the 
Ringold Formation, and the Hanford Formation. Pliocene and Pleistocene Age remains have been identified at 
Hanford. The Upper Ringold Formation dates to the Late Pliocene and contains fish, reptile, amphibian, and 
mammal fossil remains. Late Pleistocene Tuchet beds have yielded mammoth bones. These beds are composed 
of ftuvial sediments deposited along ridge slopes that surround Hanford. 
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3.2.8 SOCIOECONOMICS 

Socioeconomic characteristics described for Hanford include employment, regional economy, population, 
housing, community services, and local transportation. Statistics for employment and regional economy are 
presented for the REA that encompasses nine counties surrounding Hanford in Washington (Table L.1-1). 
Statistics for population, housing, community services, and local transportation are presented for the ROI, a 
three-county area in which 90.8 percent of all Hanford employees reside: Benton County (78.8 percent), 
Franklin County (8.9 percent), and Yakima County (3.1 percent) (Table L.1-2). In 1996, Hanford employed 
approximately 14,586 persons (approximately 4 percent of the total employment in the REA). 

Regional Economy Characteristics. Selected employment and regional economy statistics for the Hanford 
REA are summarized in Figure 3.2.8-1 . Between 1980 and 1990, the civilian labor force in the REA increased 
10.3 percent to 254,777. The 1994 unemployment rate in the REA was 9 .1 percent, significantly higher than the 
rate of 6.4 percent in Washington. In 1993, the REA per capita income of $18,501 was 15 percent lower than 
Washington's per capita income of $21,839. 

Employment patterns in the REA parallel those in Washington, with manufacturing, retail trade, and services 
providing the majority of jobs. The service sector accounts for the highest percentage of employment in both 
the REA and Washington, 26.3 percent and 27.4 percent, respectively. 

Population and Housing. Population and housing trends in the ROI are summarized in Figure 3.2.8-2. The 
ROI population, which totalled 379,693 in 1994, increased 19.8 percent during the period 1980 to 1994, much 
lower than the 29.3-percent increase in Washington. Population growth rates among the three counties 
composing the ROI, range from 18.1 percent in Benton County to 21.9 percent Franklin County. 

Between 1980 and 1990, the number of housing units in the ROI increased by
0 

about 5 percent, compared to the 
20-percent increase in Washington. However, homeowner and renter vacancy rates in 1990 were about the same 
in both the Hanford ROI and Washington, approximately 1 percent and 6 percent, respectively. 

Community Services. Community services described for the Hanford ROI are education, public safety, and 
health care. Figure 3.2.8-3 presents school district characteristics for the Hanford ROI, and Figure 3.2.8-4 
presents public safety and health care characteristics. 

Education. Twenty-five school districts provide public education in the Hanford ROL As shown in 
Figure 3.2.8-3, school districts were operating at capacities ranging from 63 percent to 125 percent in 1994. The 
student-to-teacher ratios in the ROI ranged from a low of 5.9: 1 in the Kahlotus district to a high of 21.5: 1 in the 
Kiona-Benton district. The average student-to-teacher ratio in the ROI was 18.9: 1. 

Public Safety. Fifteen city and county law enforcement agencies provide police protection in the ROI. In 1994 
the highest sworn officer-to-population ratio in the ROI was 1.85 sworn officers per 1,000 persons in the city of 
Pasco. The ROI average officer-to-population ratio was 1.6 officers per 1,000 persons. Figure 3.2.8-4 displays 
the ratio of sworn police officers to population for the Hanford ROI counties and cities. 

Thirty-seven fire departments provide fire protection services for the Hanford ROI. The principal municipal fire 
departments include both professional and volunteer-staff. In 1995, the greatest staffing strength relative to 
population was in Franklin County, with 7.7 firefighters per 1,000 persons (Figure 3.2.8-4). The ROI average 
firefighter-to-population ratio was 4.0 firefighters per 1,000 persons. 

lealth Care. Eight hospitals serve the three-county region, with the majority operating well below capacity. In 
~994, a total of 465 physicians served the ROI. Figure 3.2.8-4 shows that the average physician-to-population 
ratio in the ROI was 1.2 physicians per 1,000 persons, and the hospital bed-to-population ratio ranged from 2.0 
beds per 1,000 persons in Benton County to 2.3 beds per 1,000 persons in Franklin and Yakima Counties. 
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Figure 3.2.8-1. Employment and Local Economy for the Hanford Site Regional Economic Area and the 
State of Washington. 
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Figure 3.2.8-2. Population and Housing for the Hanford Site Region of Influence 
and the State of Washington-Continued. 
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Figure 3.2.8-3. School District Characteristics for the Hanford Sile Region of Influence. 
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Figure 3.2.8-4. Public Safety and Health Care Characteristics for the Hanford Site 
Region of Influence. 
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Local Transportation. Interstate highways and State Routes provide access between Hanford and metropolitan 
areas (see Figure 2.2.1-1 and Figure 2.2.1-2). The east-west highways, Interstate 90 and Interstate 84, are 
located north and south of the site, respectively. Interstate 90 is the major link west to Seattle and east to 
Spokane. Interstate 84 is the major link to Portland, Oregon. Interstate 90 and Interstate 84 are connected by 
Interstate 82, which is located southwest of Hanford. Interstate 182 is located southeast of the site and provides 
an east-west corridor linking Interstate 82 to the Tri-Cities (Richland, Kennewick, and Pasco) area. 

Vehicular access to Hanford is provided by several highways. State Route 240 is the preferred route from the 
Tri-Cities area. State Route 240 connects to the Richland bypass highway, which interconnects with Interstate 
182. State Route 243 exits the site's northwestern boundary and serves as a primary link between the site and 
Interstate 90. State Route 24 enters the site from the west and continues eastward across the northernmost 
portion of the site and intersects State Route 26 approximately 16 km (10 mi) east of the site boundary. State 
Route 240 traverses the site in the southwestern section. 

There are no current road improvement projects that affect access to Hanford. However, two projects currently 
in the planning stage could affect access to Hanford in the future. These projects are a realignment of State Route 
240 from Stevens Drive to State Route 224 and an asphalt overlay of State Route 24 from Taylor Ranch to State 
Route 241 (WA DOT 1995a:l). The one road segment in the ROI that could be affected by the storage and 
disposition alternatives is State Route 240 from State Route 24 to State Route 224. In 1995, this road segment 
operated at level of service B. 

The local intercity transit system, Ben Franklin Transit, supplies bus service between the Tri-Cities and Hanford. 
Both private interests and Ben Franklin Transit provide van pooling opportunities in the ROI. · 

Onsite rail transport is provided by a short-line railroad owned and operated by DOE. There is a total of 161 km 
(100 mi) of track. This line connects with the Union Pacific line just south of the Yakima River. The Union 
Pacific line interchanges with the Washington Central and Burlington Northern and Santa Fe at Kennewick. The 
rail system is mainly used to deliver coal to various boiler plants at Hanford. The rail system delivers equipment 
and material to the various facilities when rail shipment is more convenient than truck. There is no passenger 
rail service at Hanford. 

In the ROI, the Columbia River is used as an inland waterway for barge transportation from the Pacific Ocean. 
The Port of Benton provides a barge slip where shipments arriving at Hanford may be off-loaded (HF County 
1996a:1). [Text deleted.] 

Tri-Cities Airport located near the city of Pasco provides jet air passenger and cargo service by both national 
and local carriers. Numerous smaller private airports are located throughout the ROI (DOT 1992a:7-325). 
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3.2.9 PUBLIC AND OCCUPATIONAL HEALTH AND SAFETY 

Radiation Environment. Major sources and levels of background radiation exposure to individuals in the 
vicinity of Hanford are shown in Table 3.2.9-1. Annual background radiation doses to individuals are expected 
to remain constant over time. The total dose to the population changes as the population size changes. 
Background radiation doses are unrelated to Hanford operations. 

Table 3.2.9-1. Sources of Radiation Exposure to Individuals in the Vicinity, .Unrelated to Hanford Site 
Operation 

Source 

Natural Background Radiation8 

Cosmic and cosmogenic radiation 

External terrestrial radiation 

Internal terrestrial radiation 

Radon in homes (inhaled) 

Other Background Radiationb 

Diagnostic x rays and nuclear 
medicine 

Weapons test fallout 

Air travel 

Consumer and industrial products 

Total 

a HF PNL 1994b. 

b NCRP 1987a. 

Effective Dose 
Equivalent 
(mrem/yr) 

30 

30 

40 

200 

53 

<l 

1 

10 

365 

Note: Value for radon is an average for the United States. 

Releases of radionuclides to the environment from Hanford operations provide another source of radiation 
exposure to individuals in the vicinity of Hanford. Types and quantities of radionuclides released from Hanford 
operations in 1993 are listed in the Hanford Site Environmental Report for Calendar Year 1993 (PNL-9823). 
Doses to the public resulting from these releases are presented in Table 3.2.9-2. These doses fall within 
radiological limits (DOE Order 5400.5) and are small in comparison to background radiation. The releases listed 
in the 1993 report were used in the development of the reference environment's (No Action) radiological 
releases and resulting impacts for the year 2005 (Section 4.2.1.9). 

Based on a risk estimator of 500 cancer deaths per 1 million person-rem to the public (Section M.2.1.2), the fatal 
cancer risk to the maximally exposed member of the public due to radiological releases from Hanford operations 
in 1993 is approximately 1.6xto·8. That is, the estimated probability of this person dying of cancer at some point 
in the future from radiation exposure associated with 1 year of Hanford operations is less than 2 chances in 100 
million. (Note that it takes several to many years from the time of radiation exposure for a cancer to manifest itself.) 

Based on the same risk estimator, l.8x104 excess fatal cancers are projected in the population living within 
80 km (50 mi) of Hanford from normal operations in 1993. To place this number into perspective, it can be 
compared with the number of fatafcancers expected in this population from all causes. The 1990 mortality rate 
associated with cancer for the entire U.S. population was 0.2 percent per year (Almanac 1993a:839). Based 
upon this mortality rate, the number of fatal cancers expected during 1993 in the population living within 80 km 
(50 mi) of Hanford was 760. This number of expected fatal cancers is much higher than the estimated l .8x 104 

fatal cancers that could result from Hanford operations in 1993. 
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Table 3.2.9-2. Radiation Doses to the Public From Normal Hanford Site Operation in 1993 
(Committed Effective Dose Equivalent) 

Members of the General Public 

Maximally exposed individual 
(mrem) 

Population within 80 krnd 
(person-rem) 

Average individual within 80 krne 
(mrem) 

Atmospheric Releases8 

Standardb Actual 

10 0.020 

None 0.25 

None 6.6xl0-4 

Liquid Releases Total 

Standardb Actualc Standardb Actual 

4 0.012 100 0.032 

None 0.11 100 0.36 

None 2.9xl0-4 None 9.5xl0-4 

8 Includes direct radiation dose from surface deposits of radioactive material . 
b The standards for individuals are given in DOE Order 5400.5. As discussed in that order, the 10 mrem/yr limit from airborne 

emissions is required by the CAA, the 4 mrem/yr limit is required by the SOWA, and the total dose of 100 mrem/yr is the limit 
from all pathways combined. The 100 person-rem value for the population is given in proposed IO CFR 834 (see 58 FR 16268). 
If the potential total dose exceeds the value, it is required that the contractor operating the facility notify DOE. 

c The actual dose value given in the column under Liquid Releases conservatively includes all water pathways, not just the drinking 
water pathway. 

d In 1993, this population was approximately 380,000. 

e Obtained by dividing the population dose by the number of people Jiving within 80 km of the site. 
Source: HF PNL 1994b. 

Hanford workers receive the same dose as the general public from background radiation, but they also receive 
an additional dose from working in the facilities. Table 3.2.9-3 presents the average worker, maximally exposed 
worker, and total cumulative worker dose to Hanford workers from operations in 1992. These doses fall within 
radiological regulatory limits (10 CFR 835). Based on a risk estimator of 400 fatal cancers per 1 million person
rem among workers (Section M.2.1.2), the number of fatal cancers to Hanford workers from normal operations 
in 1992 is projected to be 0.10. 

Table 3.2.9-3. Radiation Doses to Workers From Normal Hanford Site Operation in 1992 
(Committed Effective Dose Equivalent) 

Onsite Releases and 
Direct Radiation 

Occupational 
Personnel Standard8 Actual 

Average worker (mrem) 

Maximally exposed 
worker (mrem) 

Total workersb 
(person-rem) 

ALARA 

5,000 

ALARA 

27.3 

3,000 

258. 

8 DOE's goal is to maintain radiological exposure as low as 
reasonably achievable. 

b The number of badged workers in 1992 was approximately 
9,470. 

Source: 10 CFR 835; DOE 1993n:7. 

A more detailed presentation of the radiation environment, including background exposures and radiological 
~ releases and doses, is presented in the Hanford Site Environmental Report for Calendar Year 1993 (PNL-9823). 

The concentrations of radioactivity in various environmental media (including air, water, and soil) in the site 
egion (onsite and offsite) are also presented in that document. 

Chemical Environment. The background chemical environment important to human health consists of the 
atmosphere, which may contain hazardous chemicals that can be inhaled; drinking water, which may contain 
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hazardous chemicals that can be ingested; and other environmental media with which people may come in contact 
(for example, surface water during swimming, soil through direct contact, or via the food pathway). The baseline 
data for assessing potential health impacts from the chemical environment are presented in Section 3.2.3. 

Effective administrative and design controls that decrease hazardous chemical releases to the environment and 
help achieve compliance with permit requirements (for example, air emissions and NPDES permit 
requirements) contribute toward minimizing potential health impacts to the public. The effectiveness of these 
controls is verified through the use of monitoring information and through inspection of mitigation measures. 
Health ·impacts to the public may occur during normal operations at Hanford via inhalation of air containing 
hazardous chemicals released to the atmosphere by Hanford operations. Risks to public health from other 
possible pathways, such as ingestion of contaminated drinking water or direct exposure, are low relative to the 
inhalation pathway. 

Baseline air emission concentrations for hazardous chemicals and their applicable standards are included in the 
data presented in Section 3 .2.3. These concentrations are estimates of the highest existing off site concentrations 
and represent the highest concentrations to which members of the public could be exposed. These 
concentrations are in compliance with applicable guidelines and regulations. Information about estimating 
health impacts from hazardous chemicals is presented in Section M.3. · 

Exposure pathways to Hanford workers during normal operations may include inhaling the workplace 
atmosphere and direct contact with hazardous materials associated with work assignments. The potential for 
health impacts varies from facility to facility and from worker to worker, and available information is not 
sufficient to allow a meaningful estimation and summation of these impacts. However, workers are protected 
from hazards specific to the workplace through appropriate training, protective equipment, monitoring, and 
management controls. Hanford workers are also protected by adherence to Occupational Safety and Health 
Administration (OSHA) and EPA standards that limit workplace atmospheric and drinking water concentrations 
of potentially hazardous chemicals. Appropriate monitoring, which reflects the frequency and amounts of 
chemicals utilized in the operational processes ensures that these standards are not exceeded. Additionally, DOE 
requirements ensure that conditions in the workplace are as free as possible from recognized hazards that cause, 
or are likely to cause, illness or physical harm. Therefore, worker health conditions at Hanford are expected to 
be substantially better than required by standards. 

Health Effects Studies. Three epidemiological studies and a feasibility study have been conducted on 
communities around Hanford to determine if there are any excess cancers in the general population. One study 
found no excess cancers but identified an elevated rate of neural tube defects in progeny. This elevated rate was 
not attributed to parental employment at Hanford. A second study suggested that neural tube defects were 
associated with cumulative radiation exposure and.also showed other defects that statistically were associated 
with employment at Hanford, but not with parental radiation exposure. The third study did not show any cancer 
risk associated with living near the facility. 

Many epidemiologic studies have been carried out on the Hanford workers, including updated cohort analyses 
over the years. The studies have .consistently shown a statistically significant elevated risk of death from 
multiple myeloma among Hanford male workers associated with radiation exposure. The excess was observed 
only among workers exposed to 10 radiation absorbed doses (rads) or more. Other studies have also identified 
an elevated risk of death from pancreatic cancers, but the elevated risk disappeared in a recent re-analysis of the 
updated cohort. Among Hanford female workers, studies have; reported an elevated risk of deaths from 
musculoskeletal and connective tissue systems. 

A more detailed description of the studies reviewed and the findings is found in Section M.4.2. 

[Text deleted.] 
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Accident History. There have been 127 nuclear-process-related incidents with some degree of safety 
significance at Hanford over its period of operation. These do not include less-significant instances of 
radioactivity release or contamination during normal operations, which have been the subject of other reviews. 
The 127 incidents fall into 3 significant categories, based on the seriousness of the actual or potential 
consequences. 

Fourteen of the incidents were Category 1, indicating that serious injury, radiation .release or exposure above 
limits, substantial actual plant damage, or a significant challenge to safety resulted. Forty-six events were 
Category 2, less severe than Category 1, but involving significant cost or a less significant threat to safety. The 
remaining 67 incidents were Category 3, causing minor radiation exposure or monetary cost, or involving a 
violation of operating standards without a serious threat to safety (HF 1993a: 1). [Text deleted.] 

Emergency Preparedness. Each DOE site has established an emergency management program that would be 
activated in the event of an accident. This program has been developed and maintained to ensure adequate 
response for most accident conditions and to provide response efforts for accidents not specifically considered. 
The emergency management program incorporates activities associated with emergency planning, 
preparedness, and response. 

Accordingly, DOE RL has developed and maintains a comprehensive set of emergency preparedness plans and 
procedures for Hanford to support onsite and off site emergency management actions in the event of an accident. 
The DOE RL also provides technical assistance to other Federal agencies and to State and local governments. 
Hanford contractors are responsible for ensuring that emergency plans and procedures are prepared and 
maintained for all facilities, operations, and activities under their jurisdiction, and for directing implementation 
of those plans and procedures during emergency conditions. The DOE RL, contractor, and the State and local 
government plans are fully coordinated and integrated. Emergency control centers have been established by the 
DOE RL and its contractors for the principal work areas to provide oversight and support to emergency response 

. actions within those areas. 
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3.2.10 WASTE MANAGEMENT 

This section outlines the major environmental regulatory structure and ongoing waste management activities for 
Hanford. A more detailed discussion of the ongoing waste management operations is provided in Section E.2.1 . 
Table 3.2.10-1 presents a summary of waste management activities at Hanford for 1993. 

The Department is working with Federal and State regulatory authorities to address compliance and cleanup 
obligations rising from its past operations at Hanford. The DOE is engaged in several activities to bring its 
operations into full regulatory compliance. These activities are set forth in negotiated agreements that contain 
schedules for achieving compliance, with applicable requirements and financial penalties for nonachievement 
of agreed-upon milestones. 

The EPA placed Hanford on the National Priorities List (NPL) on November 3, 1989. In accordance with the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA}, DOE has entered into 
the Tri-Party Agreement with EPA and the State of Washington to govern the environmental compliance and 
cleanup of Hanford. Hanford has been divided into four aggregate waste sites (100, 200, 300, and 1100 Areas) . 
An aggressive environmental restoration program is underway involving all areas of the site, using priorities 
established in the Tri-Party Agreement. · 

Hanford is the only DOE site with a preexisting agreement (Tri-Party Agreement) that meets the legal 
requirements specified under Federal Facility Compliance Act. Having this agreement exempts Hanford from 
having to qevelop a site treatment plan. This exemption is supported by written exemptions from the State of 
Washington and EPA. Both agencies determined that the Report on Hanford Site Land Disposal Restrictions for 
Mixed Waste, required by the Tri-Party Agreement, meets the intent of a site treatment plan. Hanford manages 
spent nuclear fuel and the following waste categories: high-level, TRU, low-level, mixed, hazardous, and 
nonhazardous. A discussion of the waste management operations associated with each of these categories 
follows. 

Spent Nuclear Fuel. On April 29, 1992, DOE decided to discontinue reprocessing spent nuclear fuel solely to 
recover valuable materials. After the completion of several ongoing programmatic and site-specific reviews 
pursuant to NEPA, DOE will make decisions concerning the treatment and stabilization of the current Hanford 
inventory of spent nuclear fuel. Currently, spent N-Reactor, Shippingport Reactor, FFTF, and miscellaneous 
nuclear reactor fuel is stored in water-filled basins. Since spent nuclear fuel is not classified as waste, its 
management does not come under the regulations that apply to hazardous wastes, but instead is regulated by 
DOE Orders. Decisions concerning future receipt and management of spent nuclear fuel at Hanford will be 
made in accordance with the amended ROD published in the Federal Register on March 8, 1996 (61 FR 9441), 
for the Department of Energy Programmatic Spent Nuclear Fuel Management and Idaho National Engineering 
Laboratory Environmental Restoration and Waste Management Programs Final Environmental Impact 
Statement (DOFJEIS-0203-F). The ROD specifies that spent nuclear fuel will be managed at Hanford, INEL, or 
SRS. Hanford production reactor fuel will remain at Hanford. As of 1995, Hanford has 2,133 t (2,351 tons}, or 
81 percent, of the total DOE existing spent fuel inventory. According to this ROD, a total of 12 shipments of 
non-Hanford produced reactor spent fuel will be sent from Hanford to INEL. Each shipment, either by truck or 
by rail, is assumed to consist of one shipping container. Hanford will not receive any additional fuel. As a result 
of this action, and assuming no final disposition, by the year 2035 Hanford will have 2,132 t (2,350 tons), or 78 
percent, of the total existing DOE redistributed and newly generated inventory in the form of production reactor 
spent nuclear fuel (61 FR 9441). 

A follow-on tiered, site-specific NEPA analysis for the management of the spent nuclear fuel from the 
K Basins was published in January 1996, Final Environmental Impact Statement, Management of Spent 
Nuclear Fuel from the K Basins at the Hanford Site, Richland, Washington (DOE/EIS-0245). Based on the 
analysis, an ROD was published in March 1996 (61 FR 10736). The decision consists of removing the spent 
nuclear fuel from the basins, vacuum drying, cond~tioning and sealing the spent nuclear fuel in inert-gas 
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vJ Table 3.2.10-1. Spent Nuclear Fuel and Waste Management Activities at Hanford Site "'?j V) 

6' ~· C "' .., N 
Storage Disposal ~~ Treatment Treatment Storage Disposal 

1993 Generation Method Capacity Method Capacity Method Capacity ~"' 
i::i i::i 

Category (m3) (m3/yr) (mJ) (m3) - ;::i 
"' I:). 

Spent Nuclear Fuel None Encapsulation Planned Reactor Basins. 2,133 13 None-HLW NA :::! . t, 
i::i - . .._ ,_,, 

Non-Hanford Program in the "'"'l:;J 
"'?j Cl 

production future --"' ;::i ::::.· 

reactor spent i::i - . .._ Cl 

fuel to be sent to ""O ;::i 

INEL tl')~ ..... 
V) :s: 

High-Level "' .... 
Liquid None Evaporationb,c 50,00(f Tank Farm 146,000d NA NA 

.g 
Cl 
;::i 

Solid None NA NA NA NA None-HLW NA '? 
Program in the c:: 

"' future i::i 
\J" 

'Iransuranic 
~ 

Liquid None SeeHLW SeeHLW Tank Farm SeeHLW NA NA 

Solid 271 None NA Containers on 15,370 None-WlPP or None 
asphalt pads alternate facility in 

the future 

Mixed 'Iransuranic 

Liquid 0 SeeHLW SeeHLW Tank Farm SeeHLW NA NA 

Solid 98 None NA Containers on 15,370 None-WlPP or None 
asphalt pads alternate facility in 

the future 

Low-Level 

Liquid None Evaporation, Evaporator in None NA NA NA 
separation, service, new 
solidification vitrification 

facilities planned 

Solid 3,390 Compaction 4,oooc Not Stored NA Burial 902,900f 

Mixed Low-Level 

Liquid 3,760 Evaporation, ion 50,000 Storage tanks, 446,5~ None NA 
exchangec basins planned 

Solid 1,505h None NA RCRA facility, 1,218,700 Landfill, LLW Burial See solid LLW 
retrievable Grounds 218-E-NN 

Hazardous 

Liquid See solid None NA RCRA building See solid Co.mmerciali NA 



Table 3.2.1~1. Spent Nuclear Fuel and Waste Management Activities at Hanford Site-Continued 

Treatment 
1993 Generation Method 

Category (mJ) 

Solid 56oi None 

Nonhazardous (Sanitary) 

Liquid 246,()()()k None 

Solid 5,107 None 

Nonhazardous (Other) 

Liquid Included in None 
sanitary 

Solid Included in None 
sanitary 

8 Spent nuclear fuel is normally expressed in metric tons not cubic meters. 
b Vitrification planned. 

Treatment Storage 
Capacity Method 
(m3/yr) 

NA RCRA building 

NA None 

NA None 

NA None 

NA None 

Storage 
Capacity 

(mJ) 

127 

NA 

NA 

NA 

NA 

Disposal 
Method 

Commerciali 

Septic tanks, french 
drains 

Richland Sanitary 
Landfill 

Percolation ponds, 
leach fields 

Landfill 

Disposal 
Capacity 

(mJ) 

NA 

Expandable 

Expandable 

Expandable 

Expandable 

c 242-A Evaporator restarted in April 1994 after upgrades were completed. Assumes 242-A Evaporator as treatment method for liquid HLW and liquid TRU and mixed TRU. 

d Consists of HLW and liquid TRU wastes in Double-Shell Tanks; Pu recovery and extraction aging waste. Includes 241-AN, 241-AP, 241-AW, 241-AY, 241-AZ, and 241-SY Tank 
Farms. 

c Compaction by LLW Compactor (213-W). 
f Includes the LLW Burial Grounds (unit 218-E-NN) ~d Low-Level Mixed Waste Disposal Facility (Project W-025). 

g Assumes storage of liquid mixed LLW in tanks and planned basins. 

h Consists of 1,500 m3 of RCRA-regulated mixed LLW and 8.2 t of Toxic Substances Control Act-regulated mixed LLW. Volume estimate for TSCA-regulated mixed LLW was made 
based on a density factor of 1,500 kg/m3. • 

i Off site at RCRA facility. 

j Consists of 628 t (RCRA-regulated), 72.8 t (State-regulated), and 139 t (TSCA-regulated). A volume estimate was made based on a density factor of 1,500 kg/m3 for solids. 

k No data. Estimate made based on employment of 14,856 and 30 gal/person/day for 250 days. ~ 
Note: NA=not applicable. 

Source: 61 FR 9441; DOE 1993h; DOE 1994d; DOE 1994k; HF DOE 1993a; HF MMES 1993a; HFWHC 1995c; ORNL 1993a. 
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filled canisters for dry vault storage in a new facility, to be built at Hanford, for up to 40 years pending 
decisions on ultimate disposition. 

High-Level Waste. High-level waste was generated in the recovery of uranium and Pu from spent fuel 
generated in the production reactors. All of this radioactive waste is considered mixed waste because of its toxic 
and hazardous constituents as defined by RCRA. It must be remotely handled because of its high radiation 
levels. The waste was generated as liquids and sludges and stored in underground tanks where the sludges and 
salts in the liquid have precipitated out of solution as porous solids (called salt cake) and settled to the bottom 
of the tanks. The liquid above the solids has been pumped from the older, single-shelled tanks into newer, 
double-shelled tanks. The liquids that remain in the porous salt cake will be removed by boring holes through 
the salt cake and extracting liquids from near the tank bottoms. The wastes are segregated and handled according 
to their hazardous nature (corrosivity, chemical stability, heat generation rates), and require special monitoring 
and venting. Cooling is needed for some of these wastes. The wastes are concentrated by evaporation and 
returned to the tanks for storage until final processing to a form suitable for disposal in a Federal repository. It 
is planned to vitrify HLW water-soluble sludges and selected radionuclides separated from liquids retrieved 
from the tanks. Vitrification of all waste from tanks is expected to be completed by 2028. In addition to this 
liquid and solid HLW, an inventory of encapsulated Cs and Sr is stored in the Waste Encapsulation and Storage 
Facility in a water-cooled pool. Some of this material was used as irradiation sources in, for example, 
radiography and food irradiation. [Text deleted.] 

Transuranic Waste. Before 1970, TRU waste was buried in near-surface trenches. These wastes will require 
retrieval, segregation, processing, certification, and packaging before their final disposal. At the same time, the 
burial sites themselves will require extensive remediation. TRU wastes generated since 1970 have been 
separately stored in near-surface trenches (both lined and unlined) or in aboveground buildings. These wastes 
will also require assay, recertification, and possibly repackaging. Some TRU wastes generated since 1986 have 
been packaged and certified to the WIPP WAC. The best available treatment technologies will be utilized, as 
required, on a case-by-case basis, to process the retrieved wastes before repackaging and certification for WIPP. 
Storage facility expansion for these wastes at the Hanford Site Central Waste Complex is anticipated as remedial 
operations continue. Treatment of contact-handled TRU wastes will be provided in the future at the Waste 
Retrieval and Processing Facility. The waste in the underground storage tanks described in the previous HLW 
section contains some Pu. The final disposition of this waste awaits the development of technology and 
agreements with stakeholders and regulatory bodies. All currently generated contact-handled TRU waste is 
being placed in above-grade storage buildings at the Hanford Site Central Waste Complex and the TRU Storage 
and Assay Facility. TRU wastes will be maintained in storage until a suitable disposal facility is qualified for 
TRU waste disposal. Hanford would develop the appropriate treatment capabilities to meet the criteria of the 
designated repository. Mixed TRU waste quantities are included in the TRU waste category, since all these 
wastes are destined for ultimate disposal in WIPP depending on decisions made in the ROD associated with the 
supplemental EIS being prepared for the proposed continued phased development of WIPP for disposal of TRU 
waste. 

Low-Level Waste. Low-level waste is generated when separated from HLW, TRU waste, and mixed wastes in 
the processing of tank wastes, and also from remediation activities. Solid LLW is accumulated at the originating 
sites, compacted, and shipped to the Low-Level Burial Ground in the Hanford Central Waste Complex located 
in the 200 West Area. Additional LLW is received from off site generators and disposed of in a series of unlined 
near-surface trenches. The LLW resulting from the tank waste remediation system waste preteatment program 
will be vitrified by the end of 2028; as a near-term contingency, the Grout Facility will be maintained in a 
standby condition. The vitrifed LLW will be disposed of onsite in the 200 Area at Hanford by the tank waste 
remediation system program. 

Mixed Low-Level Waste. Ninety-nine percent of the mixed waste at Hanford is contained in tank farms . The 
only treatment facility currently in place for these wastes is the 242-A Evaporator, which operates to reduce the 
volume of these wastes. Solid waste is segregated by its hazardous characteristics (ignitability, corrosivity, 
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reactivity, and toxicity) and stored in buildings in the mixed waste storage facility. Defueled submarine reactor 
compartments continue to be received and disposed of in earthen trenches. These compartments have contained 
polychlorinated biphenyls (PCBs), but the Navy has a program to remove PCBs before the compartment 
disposal. Previously disposed mixed waste will be evaluated, treated, and disposed of according to designated 
criteria. Facilities completed or under construction to treat mixed wastes at Hanford are the Effluent Retention 
Facility, Effluent Treatment Facility (ETF) (filtration, oxidation, and ion exchange), 200 and 300 Area Treated 
Effluent Disposal Facility, LLW Vitrification Facility (stabilization), and the Waste Receiving and Processing 
Facility. Some of these facilities are scheduled to begin operations before the year 2000 to meet legally obligated 
milestones established in the Tri-Party Agreement and in consent orders. 

Hazardous Waste. Hazardous waste is generated by various activities at PNL and from remediation and 
maintenance processes onsite. Except for the Interim Hazardous Waste Treatment Facility, which performs 
distillation, neutralization, and solidification, there are no treatment facilities for hazardous waste at Hanford; 
therefore, these wastes are accumulated in satellite storage areas (for less than 90 days) or at interim RCRA
permitted facilities, such as the Nonradioactive Dangerous Waste Storage Facility (Building 616), and at PNL 
(Building 305-B). The waste is shipped offsite by truck using DOT-approved transporters for treatment and 
disposal at RCRA-permitted facilities. A facility is being planned at PNL to dispose of the small volume of PNL 
hazardous waste and to be used for treatment technology development and d~monstration. 

Nonhazardous Waste. Wastewater from the process areas is treated in the 200 West Area Treatment Facility 
and then discharged to percolation ponds. In the future, these waste streams will be processed in an integrated 
liquid effluent system using a combination of local and central treatment systems. Sanitary wastewater is 
discharged to individual septic tanks and subsurface disposal systems. No data are collected on these waste 
streams. New systems will be added as processes move to different areas of the site. Sanitary wastes are 
estimated from standard engineering data for Hanford. Nonhazardous solid wastes are disposed of in the 
600 Area central landfill. In October 1995, it was announced that DOE and the city of Richland reached an 
agreement to send the site's nonregulated and nonradioactive solid wastes to the Richland Sanitary Landfill. 
Coal waste is disposed of in landfills near the 200 East and 200 West Area powerhouses. 
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This Appendix provides a description of the methodology applied to 
selection and analyses of the accidents addressed within this Technical 
Information Document, as well as the specific analyses that have been 
conducted. The assessments provided in this appendix represent best 
engineering judgements based on information available at this time. The 
accidents and source terms selected were chosen based on providing maximum 
worst case results. 
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1 APPENDIX E 
2 
3 
4 GENERAL DISCUSSION OF ACCIDENT ANALYSIS METHODOLOGY 
5 
6 
7 This Appendix provides a description of the methodology applied to 
8 selection and analyses of the accidents addressed within this Technical 
9 Information Document, as well as the specific analyses that have been 

10 conducted. The assessments provided in this appendix represent best 
11 engineering judgements based on information available at this time. The 
12 accidents and source terms selected were chosen based on providing maximum 
13 worst-case results. 
14 
15 Estimates of consequences from radiological exposures to workers and the 
16 public are based on recommendations rif the International Commission on 
17 Radiological Protection (ICRP 1991). The consequences in terms of latent 
18 cancer fatalities and total detrimental health effects are presented in 
19 Table E-1 for both adult workers and the general population . The total 
20 incidence of detrimental health effects includes both fatal and nonfatal 
21 cancers and severe hereditary effects. The higher rates for health effects in 
22 the general population account for the presence of more sensitive individuals, 
23 such as children, compared with the relatively homogeneous population of 
24 healthy adults in the work force. 
25 
26 The ICRP estimates are based on radiation exposures to populations at 
27 higher doses and dose rates, and by different pathways, than those normally 
28 encountered in the environment . As a result, the health effects coefficients 
29 in the table are presented in terms of collective dose to a relatively large 
30 population. Collective dose is defined as the sum of doses to all individuals 
31 in the population, who may exhibit a wide range of susceptibility to 
32 radiation-induced health effects. The health effects coefficients are 
33 therefore associated with substantial uncertainty when applied to dose 
34 estimates for individuals, whose sensitivity may differ from the population 
35 average. However, the assumptions used to develop the health effects 
36 coefficients are sufficiently conservative that they would be llunlikely to 
37 underestimate the risks" (ICRP 1991). 
38 
39 Ingestion doses to the maximally exposed individual are provided; 
40 however, population ingestion doses were not included in the accident analyses 
41 provided herein. · The population ingestion doses will be provided in 
42 subsequent revisions of this document. The time scale after an accident 
43 occurs is divided into three phases: emergency phase, intermediate phase, and 
44 long-term phase. The emergency phase begins immediately after the accident 
45 and could last up to seven days following the accident. In this period, the 
46 exposure of population to both radioactive clouds and contaminated ground is 
47 modeled. Various protective measures can be specified for this phase, 
48 including evacuation, sheltering, and dose-dependent relocation. 
49 
50 The intermediate phase is used to represent a period in which 
51 evaluations are performed and decisions are made regarding the type of 
52 protective actions that need to be taken. In this period, the radioactive 
53 clouds are assumed to be gone and the only exposure pathways are those from 
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1 the contaminated ground . The protective measure which can be taken during 
2 this period is temporary relocation . 
3 
4 The long-term phase represents all time subsequent to the intermediate 
5 phase. The only exposure pathways considered here are those resulting from 
6 the contaminated ground . A variety of protective measures can be taken in the 
7 long-term phase in order to reduce doses to acceptable levels; 
8 decontamination, interdiction, and condemnation of property . 
9 

10 Radiation doses to an offsite population were calculated using exposure 
11 pathways of: direct radiation from the passing plume and from radioactive 
12 material deposited on the ground, inhalation from the plume, deposition on 
13 skin, and inhalation of resuspended ground contamination. Long-term pathways 
14 were not considered. No credit was taken for short-term actions such as 
15 evacuation, sheltering, and relocation. Both the GXQ Code 
16 (WHC-SD-CN-SWD-30002)and GENII, Hanford Environmental Radiation Dosimetry 
17 Software System {PNL-6584) are validated computer code~ that were used to 
18 determine radiation doses . Both codes yield conservative results and 
19 therefore the ·use of either code is acceptable . Var ious parameters associated 
20 with accident scenarios (e .g. , location, material type and form) affect which 
21 code is used. The doses were compared to the Hanford Site-specific 
22 radiological and toxic chemical risk evaluation guidelines given in 
23 HNF-PR0-514 . These risk guidelines are based on the DOE nuclear safety goals 
24 of SEN-35-91. In other words, when the risk of facility hazards and accidents 
25 do not exceed the risk guidelines at any point the DOE nuclear safety goals 
26 are met. 
27 
28 All primary facilities (i .e ., FFTF, FMEF, 306-E Building, and 
29 325 Building) have considered the consequences of an aircraft event in their 
30 respective safety analyses . Most recently, as discussed in the DOE/EIS-0225, 
31 the probability of an aircraft hitting the FMEF is 1.2 x 10-6 , wi th no 
32 resultant releases of material . The FFTF , which is in close proximity to the 
33 FMEF, would be expected to have the same probability for airplane impact . 
34 Since the bulk of source term (i.e., MOX fuel) is below grade, and given the 
35 low probability of an incident, this event is considered to be incredible, and 
36 is not addressed- further in this technical document. Appropriate revisions to 
37 the safety documentation for FFTF would be provided prior to operations for 
38 the new mission. Similarly, recent safety analyses for the 325 Building 
39 (Safety Analysis Report for the 325 Building, PNL-SAR-325) indicate that the 
40 calculated frequency for aircraft impact is approximately 9 x 10-7 per year, 
41 and therefore was considered to be an incredible event . No additional 
42 analysis was required based on this low probability. The 306-E Building, 
43 which is in close proximity to the 325 Building, would be expected to have the 
44 same probability for airplane impact . 
45 
46 Analyses for the 325 Building indicate that the calculated frequency for 
47 aircraft impact was approximately 9 x 10-7 per year, and therefore was 
48 considered an incredible event. No additional analysis was required based on 
49 the probability. 
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1 Table E-1. Summary of Basis for Health Consequences from Radiological 
2 Exposures (from ICRP 1991) 

3 

4 
5 
6 
7 

8 
9 

10 
11 

Type of Effect 

Latent Cancer 
Fatality 

Adult Workers 
General Population 

Total Detriment b 

Adult Workers 
General Population 

Effects per Unit 
Radiation Dose8 

4 10-4 / x person-rem 
5 10-4 / x person-rem 

5.6 x 10·4 /person-rem 
7.3 x 10·4 /person-rem 

Radiation Dose to Produce 
One Effect8 

2500 person-rem 
2000 person-rem 

1800 person-rem 
. 1400 person-rem 

12 8 These estimates include a reduction factor of 2 to account for the lower 
13 risk of low dose, low dose rate exposures as discussed in ICRP (1991). To 
14 convert person-rem to person-Sv, multiply by 0.01. 
15 
16 ~otal Detriment includes fatal and nonfatal cancers and severe hereditary 
17 effects. 
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1 APPENDIX E.l 
2 
3 
4 FAST FLUX TEST FACILITY ACCIDENT ANALYSES 
5 
6 
7 This appendix provides detailed analyses of postulated FFTF in-reactor 
8 and ex-reactor accidents associated with the dual mission of interim tritium 
9 and long-term medical isotope production. A range of potential accidents have 

10 been postulated for which there may be releases of radioactive or hazardous 
11 mat erials that may impact onsite workers and the offsite population . This 
12 spectr um includes bounding accidents associated with the reactor core and 
13 operation, handling accidents, equipment failure, natural phenomena accidents, 
14 and human error. Accidents are evaluated for four annual fre~uency ranges: 
15 anticipated (greater than 10·2

;, unlikely (between 10·2 and 10· ), extremely 
16 unlikely (between 10·4 and 10· ), and incredible (less than 10·6 ) . The 
17 accidents with frequencies greater than 10·6 are considered design basis 
18 accidents . 
19 
20 A detailed safety analysis and revision of the FFTF Final Safety 
21 Analysis Report would be completed before the reactor restarts. The accidents 
22 and source terms selected for the analyses discussed herein result in bounding 
23 consequences to demonstrate that the consequences of potential accidents 
24 assoc i ated with the proposed mission are within established guidelines. 
25 
26 No quantitative evaluations were performed for an annual frequency range 
27 greater than 10·2

• The FFTF systems and equipment are designed based on the 
28 assigned safety classification of the equipment, systems or structures . 
29 Examples of accidents that could occur in this frequency range include 
30 i ndustrial accidents such as falls, small chemical spills , drop of a HEPA 
31 filter, small gas leak, small sodium spill, etc. The consequences of such 
32 accidents would be very low. 
33 
34 
35 
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1 E.1.1 FAST FLUX TEST FACILITY IN-REACTOR ACCIDENTS 
2 
3 
4 A wide range of postulated reactor accidents was analyzed in the 
5 existing FFTF final safety analysis report. These included design basis 
6 accidents in the anticipated, unlikely and extremely unlikely event categories 
7 plus very low probability beyond design basis (hypothetical) events. For the 
8 proposed interim tritium and long-term medical isotope production core design, 
9 selected limiting design basis accidents have been reanalyzed to demonstrate 

10 that the Reactor Shutdown System (RSS) will still automatically shut down the 
11 reactor in time to maintain the calculated cladding temperatures/strains 
12 within the FSAR limits (these limits are expected to be somewhat conservative 
13 for the new fuel due to use of improved cladding material and reduced fuel 
14 burnup). Furthermore, beyond design events have been reanalyzed to 
15 demonstrate that even for these hypothetical events, there are no substantial 
16 environmental or public health and safety impacts. The core accident analyses 
17 are documented in the reports described below: 
18 
19 Analysis of the limiting design basis protected transient overpower and 
20 reactor undercooling events is provided in (HNF 1732) and included in 
21 Attachment E.1.1-1. The analyses in this report demonstrate that the 
22 RSS is adequate to maintain fuel cladding temperatures and strains below 
23 the FSAR limits. 
24 
25 Analysis of the unprotected transient overpower and unprotected loss of 
26 flow events is provided in Preliminary Scoping Analysis of Unprotected 
27 Accidents in the Fast Flux Test Facility Tritium Production Core, 
28 Argonne National Laboratory, September 1997 (Attachment E.1.1-2). The 
29 analyses in this report show that the unprotected transient overpower 
30 event results in failure of a few fuel assemblies (similar to the FSAR 
31 case). For the unprotected loss of flow, considerable margin to sodium 
32 boiling and clad melting is predicted and thus no substantial 
33 radiological release is expected. 
34 
35 Although no detailed transient analysis was performed for a loss of 
36 decay heat removal event, it has been assumed that whole core meltdown 
37 would occur. The consequences of this event thus bound the unprotected 
38 transient overpower and unprotected loss of flow events. Analysis of 
39 the radiological consequences of this event is provided in (Himes 1997) 
40 and included in Attachment E.1.1-3. The results show that the 
41 radiological and toxicological releases are well within established 
42 guidelines. 
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Attachment E.1.1-1 

Preliminary Scoping Safety Analyses of the 
Limiting Design Basis Protected Accidents for the 

Fast Flux Test Facility Tritium Production Core 
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PRELIMINARY SCOPING SAFETY ANALYSES OF THE LIMITING DESIGN BASIS 
PROTECTED ACCIDENTS FOR THE FAST FLUX TEST FACILITY 

TRITIUM .PRODUCTION CORE 

ABSTRACT 

The SAS4A/SASSYS-1 computer code is used to perform a series of analyses for the 
limiting protected design basis transient events given a representative tritium and 
medical isotope production core design proposed for the Fast Flux Test Facility. The 
FFTF tritium and isotope production mission will require a different core loading 
which features higher enrichment fuel, tritium targets, and medical isotope production 
assemblies. Changes in several key core parameters, such as the Doppler Coefficient 
and the delayed neutron fraction, will affect the transient response of the reactor. 
Both reactivity insertion and reduction of heat removal events were analyzed. The 
analysis methods and modeling assumptions are described. Results of the analyses and 
comparison against fuel pin performance criteria are presented to provide 
quantification that the plant protection system is adequate to maintain the necessary 
safety margins and assure cladding integrity. 
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1.0 INTRODUCTION 

1.1 PURPOSE AND OBJECTIVE 

The purpose of this report is to document the results of the analyses that were 
performed to evaluate the adequacy of the existing Reactor Shutdown System (RSS) to 
maintain cladding integrity during a series of limiting design basis events for the proposed 
tritium and medical isotope production core at the Fast Flux Test Facility (FFTF) or to 
identify system modifications that might be required. 

The objective of these analyses is to calculate the maximum cladding midwall 
temperatures and cladding strains that could result given the most limiting design basis events. 

Section 2.0 presents an executive summary of the most pertinent results and 
conclusions. Section 3.0 contains a brief review of the applicable FSAR safety analyses and 
the appropriate limits for cladding strain and midwall temperature. Section 4.0 discusses the 
changes in core parameters and characteristics for the tritium production core. Section 5.0 
discusses the computer programs that were used for the analyses. Section 6.0 presents a 
detailed description of the multi-channel core model that was constructed to perform the 
subject analyses and the assumptions that were used. The results of the analyses are presented 
in Section 7.0. A summary of the results and discussion of the conclusions is presented in 
Section 8.0. Section 9.0 documents the references for this report. 

1.2 BACKGROUND AND MISSION DESCRIPTION 

The FFTF is a U. S. Government-owned 400 MWt sodium-cooled, fast-neutron flux 
reactor originally designed for the irradiation testing of fuels, materials, and components for 
use in large liquid metal reactors (LMR). The high neutron flux within FFTF's core provides 
a extraordinary rich environment to produce isotopes. The FFTF was operated from April 
1982 until March 1992 and is located on the Department of Energy's Hanford site near 
Richland, Washington. In 1992 the plant was placed into a standby condition pending 
identification of further missions. However, lacking a clear mission, activities to achieve a 
permanent shutdown were commenced in 1994. 

In January of 1997, the United States Department of Energy (DOE) directed ·that the 
Fast Flux Test Facility (FFTF) again be placed into a standby condition to permit DOE to 
make a decision (by 1998) on: whether the facility should play a role in the DOE' s tritium and 
medical isotope production strategy. Furthermore, DOE directed that additional safety and 

1 



HNF-1732 

environmental studies be conducted during this standby period that could support future 
nuclear safety or National Environmental Protection Act documentation. 

The Fast Flux Test Facility Startup Project Office authorized an initial series of 
preliminary core management and safety analyses necessary to support both tritium and 
medical isotope production. To this end, a number of studies have been performed. This 
report documents the analysis of selected limiting design basis reactor accidents. These 
accident analyses were performed to confirm that the existing Reactor Shutdown System 
(RSS) is adequate to maintain fuel cladding temperatures/strains within the existing Final 
Safety Analysis Report (FSAR) limits ( or to identify RSS modifications that might be 
required). 
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2.0 EXECUTIVE SUMMARY 

A wide range of postulated reactor accidents was previously analyzed in the existing 
PPTP PSAR. These included design basis accidents in the Anticipated, Unlikely and 
Extremely Unlikely event categories plus very low probability beyond design basis 
(Hypothetical) events. (Note that a re-evaluation of the very low probability beyond design 
basis events, described in Appendix A of the PSAR, has been performed by the Argonne 
National Laboratory and is the subject of a separate report.) 

Selected limiting protected design basis accidents have been reanalyzed given a 
representative tritium and medical isotope production core design proposed for PPTP. The 
PPTP tritium and isotope production mission will require a different core loading, which 
features higher enrichment fuel and non-fueled tritium targets and medical isotope production 
assemblies. The results of the analyses show that the protected transient results are quite 
similar to the existing PSAR results and that the current RSS is indeed adequate to assure 
cladding integrity for both the driver fuel and tritium target assemblies. 

Two transient overpower (TOP) events and one heat removal reduction event, the 
continuous flow reduction (CPR), were selected for reanalysis. In the existing PSAR, only 
two design basis transieµt overpower events led to any significant calculated fuel cladding 
strain and only the CPR event challenged the peak hot channel cladding midwall temperature 
limits. 

The calculated maximum incremental cladding strains resulting from both very rapid 
and slow transient overpower design basis events, 0.062% and 0.31 %, respectively, are within 
the established PSAR limits of 0.4% incremental strain (0. 7% total). 

The calculated peak hot channel cladding midwall temperatures for the design basis 
heat removal reduction events are also within the established burnup dependent FSAR limits 
of 1490 °P and 1584 °F for anticipated and unlikely events, respectively, given a driver fuel 
assembly peak burnup of 80,000 MWd/MTM. (Increased cladding midwall temperatures are 
allowed for reduced peak burnups.) The hot channel cladding midwall temperature for the 
continuous flow reduction given the first (anticipated) and backup (unlikely) trips are 1500 °P 
and 1556 °P, respectively. The CPR for the first trip slightly exceeds the most conservative 
limit of 1490 °P. However, given the calculated assembly peak burnup of 67,000 
MW d/MTM, the corresponding PSAR limit is 1518 °P. 

The tritium target maximum hot channel cladding inner diameter temperature was 
determined to be less than 1500 °P for all of the design basis transients that were analyzed. 

The results of these analyses clearly demonstrate that the existing RSS is adequate to 
maintain the necessary safety margins and to assure that the calculated cladding temperatures 
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and strains are within the FSAR limits. Cladding integrity is assured for the proposed tritium 
and medical isotope production core. (These limits are expected to be somewhat conservative 
for the new core design due to reduced fuel bumup and the expected use of D9 as an 
improved cladding and ducting material.) 
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3.0 SUMMARY OF EXISTING FSAR ANALYSES 

The existing FFTF FSAR documents the analysis of a wide range of reactor accidents 
ranging from relatively benign events, which can be expected to occur several times in the 
lifetime of the plant, to very severe accidents which are of such low probability that they were 
considered beyond the design basis for the plant. 

3.1 ACCIDENT CLASSIFICATIONS 

The reactor accidents can be grouped into three major categories: 

Reactivity insertion ( or transient overpower) events ( e.g., uncontrolled 
withdrawal or meltdown of a control rod) 

Reduction in reactor heat removal ( e.g., reduction or loss of primary or 
secondary sodium flow or DHX air flow) 

Local fuel failure events (e.g. , local flow blockage). 

Within each of these major categories, several specific events were identified and 
classified as either Anticipated, Unlikely, Extremely Unlikely or Hypothetical (beyond the 
design basis for the plant but analyzed to evaluate and demonstrate margins in the plant 
design). A re-evaluation of the very low probability beyond design basis events, described in 
Appendix A of the FSAR, has been performed by the Argonne National Laboratory and is the 
subject of a separate report. 

3.2 CLADDING TEMPERATURE AND STRAIN LIMITS 

The purpose of the subject safety analyses was to evaluate the reactor response of the 
new core design to the identified events and to demonstrate adequate margins exist to 
maintain both fuel and tritium assembly cladding integrity. The fuel and tritium pin cladding 
provides the first barrier to radiation release. The Reactor Shutdown System (RSS) was 
designed to assure that fuel cladding integrity was maintained for all Anticipated and Unlikely 
events. Driver fuel pin cladding integrity limits have been derived in terms of cladding strain 
for transient overpower events and in terms of cladding midwall temperature for reduction of 
heat removal events. The specific fuel pin FSAR limits are presented in Table 3-1. One 
additional constraint was applied for the tritium assemblies during the subject analyses. The 
maximum hot channel clad inner diameter temperature for the tritium pins must be less than 
1500 °F. 
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In the existing FSAR, only two design basis transient overpower type events led to any 
significant calculated fuel cladding strain: 

The "PPS Design Basis Event" (reactivity insertion of $3 per second, 4$ total 
insertion, which bounds limiting scenarios such as meltdown of a fuel assembly 
or control rod) resulted in a calculated cladding strain of 0.13%. (This event is 
actually classified as an Extremely Unlikely event.) 

A very slow (non-mechanistic) reactivity insertion transient, equivalent to 0.032 
%Power/s, with failure of the first PPS trip function resulted in a calculated 
cladding strain of 0.28%. (This event is also classified as an Extremely 
Unlikely event.) 

In addition, only one design basis heat removal reduction event challenged the FSAR 
cladding midwall temperature limits. The CFR event is assumed to be initiated through a 
failure of the primary pump flow controller. The primary flow is slowly reduced. Reactor 
power is also slowly reduced due to temperature dependent negative reactivity feedbacks, but 
not as fast as the flow. Consequently the core transient power-to-flow ratio exceeds 1.0 and 
increased cladding temperatures will occur. The continuous flow reduction (CFR) was 
analyzed for two different scenarios: 

Termination of the CFR event assuming the first trip function encountered 
actuates a reactor scram. This event is classified as Anticipated. 

Termination of the CFR event assuming the first trip function encountered 
failures to activate a reactor scram. Scram is initiated by the second backup 
trip function. This event is classified as Unlikely. 

3.3 FSAR ANALYSIS METHODS 

The existing FSAR design basis accident calculations were performed with computer 
codes developed specifically for the FFTF. These were the MELT code for the transient 
overpower events and the IANUS code for the reactor undercooling events. (See Chapter 15 
and Appendix F of the existing FSAR for additional details concerning the analysis 
methodology, results, and code references.) 

The MELT and IANUS computer codes are relatively simple compared to codes that 
were developed later to support the United States Liquid Metal Reactor (LMR) program. For 
example, the MELT code models only the neutronics and thermal-hydraulics of the reactor 
core (represented by multiple channels); and requires inlet and outlet sodium coolant · 
temperatures and pressure boundary conditions as input. On the other hand, IANUS includes 
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a detailed model of the reactor Heat Transport System (HTS), but a relatively simple point 
kinetics neutronics and single channel thermal hydraulics core model. In both models, 
limiting nuclear peaking factors and "Hot Channel Factors" were applied to account for the 
effects of local power variations, sodium flow redistribution, the effects of fuel manufacturing 
uncertainties, and the effects of uncertainties in the thermo-physical properties of the 
materials. The Hot Channel Factors are discussed in Section 6.2 and presented in Table 6-1. 
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TABLE 3-1 . Existing FFTF FSAR Limits for Reactor Accident Analyses 

Fuel Clad Strain Peak Cladding 
Event General Total % Midwall 

Classification Criterion5 (Incremental %) 1 Temperature1 

Anticipated 

Unlikely 

Extremely 
Unlikely 

Included in 
Fuel Lifetime 

Maintain Clad 
Integrity 

Assure Coolable 
Geometry 

0. 3<2> (0.1) 

0.7<3> (0.4) 

Prevent Clad 
Melting 

1490°F 

1584°F 

Prevent Sodium 
Boiling (1670°F)4 

Hypothetical Analyzed to evaluate/demonstrate margins in design. 

NOTES: 

FSAR demonstrates primary and containment boundaries remain intact 
and offsite radiological consequences are relatively minor in spite of 
core disruption. 

( 1) For reactor overpower type events, clad strain can result from both clad heating and 
fuel/clad interaction, thus clad strain limits are applied. For reduction of heat removal 
or loss of cooling type events, clad strain results only from clad heating and thus the 
strain limits are conservatively converted to cladding midwall temperature limits. 

(2) Includes 0.2% clad strain for normal operation and 0.1 % clad strain for Anticipated 
events. 

(3) Includes 0.2% clad strain for normal operation, 0.1 % clad strain for Anticipated 
events, and 0.4% strain for unlikely events. 

(4) Conservatively applied at the cladding outer diameter(~ 1670 .°F). 

(5) The maximum hot channel cladding inner diameter temperature for any tritium target 
pin must be less than 1500 °F. -
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4.0 CHARACTERISTICS OF THE TRITIUM PRODUCTION CORE 

The proposed tritium and medical isotope production mission at FFTF utilizes 90 of 
the outer row locations, previously occupied by stainless steel reflectors, as well as 16 in-core 
locations for tritium assemblies and three locations for medical isotope production assemblies. 

The planned operating conditions for the proposed tritium and medical isotope 
production mission are: core power of 400MW, total reactor flow rate of l.748E+07 pounds 
per hour and reactor inlet temperature of 680°F. The proposed mission will require higher 
enriched fuel , which will affect the transient response of the core. This difference and others 
from the previous operational cores are discussed in the following sections. 

4.1 STRUCTURE CHARACTERISTICS - CLADDING AND DUCT MATERIAL 

The reference FFTF Series I and II fuel designs used 20% cold worked 316 stainless 
steel for both the fuel pin cladding and fuel assembly ducts. It is currently planned to use D9 
alloy for these components in the new core design. The upper handling socket and lower inlet 
nozzle/shield orifice will be fabricated from 316 stainless steel and mechanically attached to 
the D9 duct. The remaining core and vessel components will, as before, remain fabricated 
from 316 stainless steel. No additional changes to the core or vessel internals are anticipated. 

The primary reason that D9 will be used in the new core design is the superior 
performance of D9 in a fast neutron environment. D9 has been shown, through a series of in
core tests ranging from small material coupons through the long term irradiation of full scale 
fuel assemblies, to be considerably less prone to irradiation induced damage than 316 stainless 
steel. The cladding strain/temperatures as documented in the existing FSAR were developed 
for 316 stainless steel and are expected to be conservative for the new core, especially when 
combined with reduced fuel bumup anticipated for the new core. 

One possible effect is some change to the structural reactivity feedbacks. This effect is 
due to reduced radial swelling and axial growth of the D9 clad fuel pins and ducts during 
irradiation. The new core is expected to retain more of the interassembly gaps and separation 
distance from the core restraint system when compared with previous 316 stainless steel cores. 
Some core movement will occur due to thermal expansion during transient overpower or loss
of-flow events. However, due to the long time constants associated with some of the more 
massive core components, the relatively short term limiting protected design basis events are 
generally unaffected by structural feedbacks. 
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4.2 THERMAL-HYDRAULIC CHARACTERISTICS 

The thermal-hydraulic conditions for the new tritium production core are similar to, 
but typically less severe than, those used for the FSAR calculations. For example, the new 
core design includes 81 fuel assemblies compared to 76 for the FSAR core. This, combined 
with lower calculated radial peaking factors, results in a peak linear heat generation rate at 
full power of approximately 12.5 kW/ft at Beginning of Life (BOL) for the new core 
compared to 14.3 kW/ft for the FSAR calculations. 

It should be noted that the calculated operating conditions for the new core are 
representative of nominal equilibrium reference core conditions and may not reflect the most 
limiting conditions that could be obtained. For FSAR type calculations, a more limiting core 
loading/power distribution may be selected to allow flexibility in the core design and 
additional conservatism in the safety analyses. 

4.3 NEUTRONIC CHARACTERISTICS 

The FFTF tritium and isotope production mission will require a different core loading 
which features higher enrichment fuel, tritium targets, and medical isotope production 
assemblies. These differences will affect the transient response of the reactor via changes in 
core parameters such as the D~ppler coefficient and the delayed neutron fractions. The 
following sections discuss the neutronic characteristics of the new core design. 

4.3.1 Fuel Enrichment 

The large number of neutron absorbing tritium target assemblies requires a higher 
enrichment. The new reference core uses a plutonium enrichment of up to 42% compared to 
approximately 22-29% for the FSAR core. This has two major impacts in the safety analyses. 
First, it has a significant effect on some of the reactivity feedbacks (these are discussed 
below). Second, the core isotopic inventory changes ( due to the higher plutonium enrichment 
as well as the presence of the tritium and medical isotope targets) and must be considered 
when evaluating the radiological consequences of potential releases from the core. (The 
radiological consequences of the tritium production core inventory are not discussed within 
this report.) 

4.3.2 Reactivity Feedbacks 

The most significant effect of the new core design is a reduction in the Doppler 
coefficient by nearly an order of magnitude. On the other hand, the increased fuel enrichment 
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significantly increases the effect of axial movement of the fuel (i.e. , increased reactivity 
feedback due to axial thermal expansion). Note that axial expansion of driver fuel adds 
negative reactivity. Whereas, axial expansion of the tritium targets adds a new, typically very 
small, but positive feedback mechanism. Axial contraction due to cooling reverses the sign of 
the above feedback mechanisms. 

The SAS4A/SASSYS-1 model of the new tritium and medical isotope production core 
incorporated all 81 of the fuel assemblies and all 106 of the tritium assemblies within various 
channels. The SAS4A/SASSYS-1 model used separate fuel and tritium target pin thermal 
models to calculate both the sign and magnitude of the axial expansion reactivity feedback 
during each of the design basis transients. The analyses, which are discussed in Section 6.1 , 
indicate that the reactivity feedback effect due to the axial expansion or contraction of tritium 
target material is very small and is not very important. On the other hand, for the tritium and 
medical isotope production core, the reactivity feedback effect of fuel axial expansion or 
contraction is significant and typically exceeds the Doppler. 

Not all of the reactivity feedbacks were included in the subject safety analyses. The 
subj~ct safety analyses assumed reactivity feedbacks from Doppler, sodium density, and axial 
expansion of both the fuel and tritium targets. The amount of reactivity feedback due to 
Doppler and axial expansion or contraction of fuel or target material was varied depending on 
the type of analyses performed. (See Sections 6.3 .1 , 7 .1 , and 7 .2 for additional discussion.) 
The FFTF FSAR assumed reactivity feedbacks from only Doppler and Sodium density. For 
both the FSAR and the analyses documented by this report, the analyses did not assume 
reactivity feedbacks from control rod driveline expansion or radial expansion and bowing. 

4.3.3 Other Neutronic Parameters 

Several other neutronic parameters associated with the new core design are calculated 
to change from the previous core design. In general, these changes are of less significance 
than the others discussed above, but the new values were included in the revised analyses. 

12 



HNF-1732 

5.0 CODE DESCRIPTION AND VALIDATION 

It must be noted that the subject analyses have been performed with improved and 
updated computer codes. The existing FSAR design basis accident calculations were 
performed with codes developed specifically for the FFTF, such as MELT and !ANUS ( see 
Section 3.3). These codes are relatively simple compared to newer codes that were later 
developed to support the United States Liquid Metal Reactor program. 

In particular, the SAS4A/SASSYS-1 code (DUNN 1985), developed by the Argonne 
National Laboratory, is used for all of the core accident analyses documented in this report. 
This code is a further development of the SAS3A code that was used for the existing FSAR 
unprotected loss-of-flow analysis. However, to maintain consistency with the cladding strain 
limits, the SASSYS-1 calculated power and flow transient results are used as input to the 
same cladding strain calculational model (i.e. , MELTIII/FCF-213) used in the FSAR. 

5.1 SAS4A/SASSYS-1 VERSION 3.0 HANFORD REVISION 1.0 

The current release of the SAS code system is designated with the name 
SAS4A/SASSYS-1 Version 3.0. This computer code system was originally developed 
(DUNN 1985) at the Argonne National Laboratory for the thermal, hydraulic, and neutronic 
analysis of power and flow transients in liquid metal reactors (LMR). 

The SAS4A portion contains detailed mechanistic models of transient thermal, 
hydraulic, neutronic and mechanical phenomena to describe the response of the reactor core 
components, coolant, and structural members to accident conditions. Originally developed to 
analyze oxide fuel clad with stainless steel, the models in SAS4A Version 3.0 have been 
extended to incorporate advanced fuels and cladding alloys. The core models in SAS4A 
provide the capability to analyze the initial phase of severe core disruptive events through 
coolant heat-up and boiling, fuel element failure, fuel melting and relocation. 

The SASSYS-1 portion contains the same core models as SAS4A for fuel element heat 
transfer, including single and two-phase coolant thermal hydraulics. In addition, SASSYS-1 
has the capability to model the thermal/hydraulic characteristics the primary and secondary 
sodium coolant loops, including heat transfer and removal equipment, such as intermediate 
heat exchangers (IHX), steam generators (SG), or air dump heat exchangers (DHX). 
SASSYS-1 also provides the capability to model the reactor control and protection system, as 
well as the control systems for the primary and secondary coolant pumps and the air dump 
heat exchangers, and their response to input signal changes. (The DHX control system and 
Plant Protection System are discussed in Sections 6.1.4.) 
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The SAS4A/SASSYS-1 Version 3.0 was converted to function on the engineering 
workstation environment at Hanford and modified to support the detailed design of the PPS 
and DHX control systems at FFTF and to output a highly specialized file containing all of the 
time dependent multi-channel temperature distributions. The modified Hanford version of the 
SAS4A/SASSYS-1 computer code is designated as Version 3.0 Revision 1.0. 

5.2 SAS4A/SASSYS-1 Code Installation Verification and Validation 

The SAS4A/SASSYS-1 code as received from ANL was capable of running in double 
precision on a 32-bit SUN workstation. The SAS4A/SASSYS-1 code was converted to run in 
single precision on a 64-bit Silicon Graphics Indigo-2 R-10000 workstation containing 256 
Mb of main system memory with IRIX 6.2 as the current level of the operating system. The 
Release 7: 1 of the FORTRAN Compiler was used to compile and link each of the individual 
subroutines. The conversion was performed twice; once without the specific Hanford revisions 
necessary to support FFTF and once with. Most of the modifications necessary for 
conversion involve removing implicit double precision statements and modifying the vendor 
specific system utility call statements for time, date, process and user identification. The 
Hanford revisions required a moderate amount of revised coding in several control system 
subroutines and the additional of several new subroutines to support the steady-state and 
transient response of the DHX modules and to output the multi-channel temperature 
distributions. 

The original ANL version of SAS4A/SASSYS-1, as converted without the Hanford 
revisions, was run using a sample input deck. Comparison of ANL and Hanford calculated 
results show exact agreement in virtually all printed values, except for a few very minor 
cosmetic difference due to compiler interpretation of some FORMAT statements, difference in 
system utility routines such as time, date, process, and user identification. In addition, some 
differences were noted in calculated results in the range of part-per-million: These differences 
will have no quantitative affects on the accuracy of the calculated variables. The excellent 
agreement between the Hanford and ANL computations verifies that the installation of the 
SAS4A/SASSYS-1 Version 3.0 was properly performed and are effectively identical. 

The same sample problem was run for SAS4A/SASSYS-1 Version 3.0 with the 
Hanford revisions necessary to support the detailed design of the PPS and DHX control 
systems at FFTF, and to output a specialized file containing the time dependent multi-channel 
temperature distributions. Again, comparison of ANL and Hanford calculated results show 
exact agreement in virtually all printed results, except for a few very minor cosmetic 
difference due to compiler interpretation of some FORMAT statements, difference in system 
utility routines such as time, date, process, and user identification, and some input/output 
differences due to some new variables that were added to support the FFTF control system 
and dump heat exchanger. Several additional test cases modeling the DHX transient response 
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were run. The results of these test cases were compared against actual plant measurements. 
Again, excellent agreement was found. This verifies that the installation of SAS4A/SASSYS-
1 Version 3.0 Revision LO was properly performed and the modifications installed by 
Hanford do not effect overall agreement. 

5.3 AUXILIARY SUPPORT PROGRAMS 

The SAS4A/SASSYS-1 computer code interfaces with six small auxiliary support 
programs (or computer codes). These codes, which usually contain less than a few hundred 
lines of FORTRAN coding, were written as either input pre- or output post-processors. The 
auxiliary support programs are: COMBINE, DECAY, DELAY, HOTSTUFF, PLOTl 1, and 
PLOT15. 

Each of the auxiliary codes are discussed in the following sections. 

5.3.1 COMBINE Computer Code 

The COMBINE computer code was obtained from the Reactor Analysis Division staff 
at Argonne National Laboratory (ANL) and was successfully complied on the same Silicon 
Graphics Indigo-2 workstation as discussed above in Section 5.2. The COMBINE program is 
an input pre-processor. COMBINE reads assembly-dependent physics data, such as powers, 
flows, reactivity worths, etc. , and processes (averages and normalizes) it into a form 
compatible with the user input requirements for a multi-channel (various assembly groupings) 
SAS4A/SASSYS-1 model. The Hanford version of COMBINE was modified to remove 
several plotting subroutine CALL statements, which are not available, and to allow the user 
input of a total Doppler temperature coefficient to be used for normalization purposes. Check 
cases were run using the same assembly-to-channel assignments as ANL and manually 
checking the output averaged values. (In SAS4A/SASSYS-1 terminology, the term "channel" 
is used to denote a basic elemental unit consisting of fuel, cladding, coolant, and structure. 
Therefore, a single SAS4A/SASSYS-1 channel may represent a single fuel pin, multiple pins 
in many assemblies, single assemblies, multiple assemblies, etc. In all cases, the elementary 

· unit from a code structure and data management stand-point is an individual channel.) 

5.3.2 DECAY Computer Code 

The DECAY computer code as originally obtained from the Reactor Analysis Division 
staff at Argonne National Laboratory was designated as FITDKY (DUNN 1989). FITDKY 
was modified to function on a Silicon Graphics Indigo-2 workstation, as discussed above, and 
was renamed DECAY. DECAY was written to take a table of decay heat versus time after 
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shutdown and to produce input compatible with SASSYS requirements. DECAY calculates a 
series of fitting parameters referred to as "BET As" and "LAMBDAs" via a six group least 
squares fitting technique. This treatment for decay heat using a number of decay heat product 
groups is very similar to the multigroup precursor treatment commonly used for delayed 
neutrons. (For additional detail see DUNN 1989.) Three sample cases, both input and 
output, were received with the code. These cases were run and compared against the sample 
output. Comparison of ANL and Hanford calculated results show exact agreement in virtually 
all printed results, except for a few very minor cosmetic difference due to compiler 
interpretation of some FORMAT statements, difference in system utility routines such as time, 
date, process, and user identification. 

5.3.3 DELAY Computer Code 

The DELAY computer code was written to obtain core average values of the delayed 
neutron fractions and decay constants by processing core physics data consisting of six group 
delayed neutron fractions and the corresponding decay constants for each of five fissile and/or 
fertile isotopes. The resulting whole core delayed neutron fractions and decay constants are 
used by the point reactor kinetics model in SASSYS to determine .the transient reactor power. 

5.3.4 HOTSTUFF Computer Code 

The HOTSTUFF computer code is an interactive post-processor written to calculate 
hot channel temperatures. HOTSTUFF uses as input the multi-channel transient temperature 
distributions (fort.47) as output by SAS4A/SASSYS-1 Version 3.0 Hanford Revision 1.0, user 
input power peaking factors for the selected channels, and the FFTF FSAR hot channel 
factors (HCF). HOTSTUFF searches each requested channel for the maximum nominal 
cladding midwall temperature at each time step during a transient event and then calculates 
the corresponding hot channel temperatures. HOTSTUFF outputs the hot channel coolant, 
cladding outer diameter (OD), cladding midwall (MW), cladding inner diameter (ID), fuel 
outer diameter and the peak fuel temperatures for each time step for each requested channel at 
the axial elevation of the maximum clad midwall temperature. A series of manual check 
calculations were performed to verify correct code functionality. The maximum hot channel 
cladding midwall temperature can be compared with the FFTF FSAR temperature limits to 
assess fuel pin performance and cladding integrity. The FSAR cladding midwall temperature 
limits and integrity criteria were discussed in Section 3.2, summarized in Table 3-1 , and 
shown in Figure 3-1. 
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5.3.5 PLOTll and PLOT15 Computer Codes 

Both PLOTll and PLOTI5 are output post-processors. PLOTll and PLOTI5 read 
the unformatted binary data files (fort. I I and fort. I 5) as output by SASSYS and process the 
requested information into a form acceptable for use by commercial plotting packages. These 
codes were originally received as a single program designated PLOTIT from the Reactor 
Analysis Division staff at Argonne National Laboratory, but were separated and extensively 
rewritten to support SAS4A/SASSYS-1 Version 3.0 Hanford Revision 1.0. 

17 



HNF-1732 

6.0 MODEL DEVELOPMENT AND ASSUMPTIONS 

An improved and updated computer code is used to perform the analyses of the 
limiting protected design basis transient events for the tritium and medical isotope production 
core. In particular, the SAS4A/SASSYS-1 code (DUNN 1985), developed by the Argonne 
National Laboratory, is used for all of the core accident analyses documented in this report. 
This code is a further development of the SAS3A code that was used for the existing FSAR 

· unprotected loss-of-flow analysis. However, to maintain consistency with the original basis 
for the cladding strain limits, the SASSYS-1 calculated power and flow transient results from 
the fast and slow transient overpower analyses are used as input to the same MELTIII/FCF-
213 cladding strain calculational model used in the FSAR. 

6.1 MODEL DEVELOPMENT 

The SAS4A/SASSYS-1 model for the transient analysis of the proposed tritium and 
medical isotope production core consists of two separate parts. These parts are; 1) a multi
channel reactor core model, which can change from cycle-to-cycle, and 2) a balance-of-plant 
model, which usually remains constant from cycle-to-cycle. 

A 22 channel core model, consisting of 12 driver fuel and 10 tritium target assembly 
channels was developed for the subject analyses. This relatively low number of channels is 
acceptable since fuel melting, cladding failure, and assembly-to-assembly failure propagation 
is not expected. The development of the 22 channel model used for the analysis of the 
limiting protected design basis events is discussed in Section 6.1.1. 

The balance-of-plant model has been evolving over the past few years, as plant 
operational and test data became available. The balance-of-plant model allows for explicit 
hydraulic representation of various FFTF components such as the reactor core, vessel inlet and 
outlet plenums, various segments of the primary and secondary loops, including the loop 
isolation and check valves, the primary and secondary pumps, intermediate dump heat 
exchangers, and air dump heat exchangers. The transient performance of the balance-of-plant 
model provides the boundary conditions for the 22 channel core model during the protected 
design basis transient analyses. A 2 loop balance-of-plant model was used for the analysis of 
the design basis accidents and is discussed in Section 6.1.2. 

6.1.1 Channel Selection 

The proposed tritium and medical isotope production mission at FFTF utilizes 106 
core locations for the placement of the tritium assemblies and 3 core locations for Medical 
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Isotope Assemblies (MIA). This includes 90 of the outer row locations, previously occupied 
by stainless steel reflectors, as well as 16 in-core locations for tritium assemblies. 

A S4A/SASSYS-1 22 channel core model was developed given a core loadi11:g pattern 
representative of an end-of-equilibrium cycle (EEC). The initial steady-state assembly power 
distribution and power-to-flow ratios used for the analyses correspond to an end-of
equilibrium cycle (EEC) condition. These values were obtained from a series of fuel 
management studies performed in support of the tritium and medical isotope production core. 
The maximum core residence time for the driver fuel assemblies is expected to be 400 
equivalent full power days (EFPD) or four 100-full power day cycles. The residence time of 
the tritium assemblies is expected to vary considerably, from 2 to as many as 12 cycles, 
depending on the radial location of the assembly. The residence time of the medical isotope 
production assemblies will depend on the final design and may involve a combination of 
incore assemblies and an excore rapid insertion and retrieval device for use with short lived 
isotopes. 

The individual fuel assemblies were arranged into 12 SASSYS channels. The tritium 
assemblies were arranged into 10 SASSYS channels for a total of 22 channels. The driver 
fuel assembly channel selection criteria is based on similar assembly powers, similar assembly 
power-to-flow ratios, location within the same flow orifice zone, and similar residence times, 
with the exception of the peak power-to-flow ratio driver fuel assembly, which was assigned 
as a single assembly to a separate channel. This was acceptable since the analyses of the 
design basis events did not anticipate fuel melting, cladding failure, or assembly-to-assembly 
failure propagation. 

The target assemblies, because of the low powers, were simply grouped into channels 
corresponding to the row and orifice zone where they are located, with the exception of the 
peak power-to-flow tritium assembly, which was assigned as a single assembly to a separate 
channel. 

6.1.2 Tritium Target Pin Thermal Model 

A tritium target pin model was developed that allowed the SAS4A/SASSYS-1 
computer code to estimate the reactivity effect of target column expansion during the design 
basis transient events. The tritium target material is composed of Lithium Aluminate 
(LiA1O2). Figure 6-1 presents a representative planar view of a tritium target pin. Note that 
the target pins contain a second inner clad of Zircaloy surrounding the target material, 
separated from both the target material and outer cladding by Helium filled gaps. There are 
19 target pins per tritium assembly versus 217 fuel pins per driver fuel assembly. 
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A "multi-fuel" radial zone target pin model was constructed to explicitly treat the 
LiA102, Zircaloy inner clad, and Helium gaps. The target pins were designated as "fuel" pins, 
but with multiple fuel types. The corresponding thermo-physical properties for each fuel type 
were input as LiA102, Zircaloy, and Helium, as opposed to mixed enriched plutonium and 
uranium oxide (i.e. , (Pu,U)02). The target pin was not allowed to restructure and a center 
void was not allowed to form. 

An equivalent thermal performance model for the target pins was derived by varying 
the conductance for the outermost gap until the channel averaged calculated axial expansion 
matched the value for the appropriate nominal steady-state power-to-flow conditions 
documented in Appendix A of this report. For transient conditions the reactivity feedback due 
to axial expansion or contraction was determined from the input reactivity worth values ( dk/k 
per Kg) for the tritium target pin clad and LiA102 absorber column. 

The SAS4A/SASSYS-1 code contains two levels of detail for the calculation of the 
reactivity due to fuel axial expansion. The simple model, which was used for the tritium 
target pin model, differs from the second more detailed model mainly in the calculation of 
fuel motion ( expansion or contraction) within the cladding jacket. In the simple model, the 
fuel and cladding motion are based solely on their thermal expansions. If the thermal 
conditions are such that the fuel is determined to expand freely, the total axial expansion is 
merely the sum of the axial expansion for each individual axial segment calculated using the 
average temperature of each segment and its difference from the nominal initial steady-state 
temperature. 

The detailed axial fuel expansion model was used for the driver fuel pins. Fuel axial 
expansion is calculated using a generalized plane strain assumption. To find the axial plane 
strain, a total force balance is performed. If the fuel-cladding gap is open (free expansion), 
then the force summation contains no term for the effects of the cladding. If the fuel and 
cladding are in contact, then the cladding terms must be included in the force balance. 
Various options are available for selecting the combinations of axial plane strain, axial 
swelling, and crack volume. This selection is affected by the user definition of the input 
parameter NAXOP (Block 51, Location 20). Guidance was received from the Reactor 
Analysis Division with respect to the use of this key input parameter. 

6.1.3 Balance-of-Plant Model 

The subject design basis transient analyses used a two-loop balance-of- plant model 
developed from the original one-loop model. The balance-of-plant model provides the 
boundary conditions for the 22 channel core model during the design basis transient analyses. 
(The two-loop FFTF model was developed to allow the explicit analysis of single loop 
accidents, loop specific PPS instrumentation locations and measurements, and N-1 loop 
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operations.) Figures 6-2 and 6-3 present graphical line diagrams of the one- and two-loop 
plant models for FFTF. The balance-of-plant model allows for explicit hydraulic 
representation of various FFTF components; such as, the reactor core, vessel inlet and outlet 
plenums, various segments of the primary and secondary loops, including the loop isolation 
and check valves, the primary and secondary pumps, intermediate dump heat exchanger, and 
air dump heat exchanger. (The designations CVx, Sx, Gx, Ex, and Tx, where xis a numeric 
value, correspond to the various compressible volumes, liquid segments, gas segments, liquid 
elements, and temperatures groups that were established during model development.) 

The one-loop model, as shown in Figure 6-2, represents the three primary and three 
secondary loops at FFTF, as one primary and one secondary loop. Conservation of mass and 
energy is maintained through the use of a multiplicity factor. A multiplicity factor of three is 
applied where the "single" primary loop enters and exits the core vessel. This effectively 
triples the incoming flow from a "single" loop and allows the model to simulate the removal 
of three times the "single" loop flow from the vessel. 

The two-loop model, as shown Figure 6-3, was constructed by simply duplicating the 
existing one loop input to obtain the second loop. The two-loop model incorporates 
additional detail and enhancements necessary to link the appropriate segments together and to 
represent the Dump Heat Exchanger (DHX) and support both the Reactor Control and Plant 
Protection System (PPS). The left hand side of the two-loop model represents one-loop and 
the right hand side represents the remaining two-loops. The multiplicity factors were changed 
appropriately. · 

6.1.4 Reactor Control, Plant Control, and Plant Protection System Models 

The Reactor and Plant Control Systems provide control for routine normal operations, 
including removal of decay heat during reactor shutdown. These systems include a neutron 
flux control system, a control system for coolant flow, and a control system for the DHX 
sodium outlet temperature. The flow and DHX temperature control systems are duplicated for 
each of the three Heat Transport System (HTS) cooling loops. 

The purpose of the Plant Protection System (PPS) is to automatically take the 
necessary actions to protect the public and plant when abnormal operating conditions occur. 
The PPS acts independently of the Reactor and Plant Control Systems. 

6.1.4.1 Reactor and Plant Control Systems. The neutron flux control system operates the 
three primary control rods and the six secondary control rods. During normal operations the 
three primary control rods are fully withdrawn, while the secondary control rods are partially 
withdrawn and are used for power and long term reactivity control. The neutron flux control 
system is modeled in SAS4A/SASSYS-1 through the use of user specified power levels and 
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reactivity feedbacks and includes a conservative minimum specified scram worth versus time 
including time delays. 

The sodium flow control system includes all equipment necessary to provide stable 
control of sodium flow in each of the three primary loops by varying the pump speed by use 
of liquid rheostats. The flow controller drives the liquid rheostat position control system. 
(The failure of the flow controller is assumed to be the initiating event for the CFR event.) 
The flow control system is modeled in SAS4A/SASSYS-1 and includes user specified primary 
and secondary motor torque setpoints and various pump characteristics. 

The 12 DHX modules at FFTF provide for energy removal from the reactor. The 
DHX control system consists of all necessary equipment to provide stable control of air flow 
through the DHX modules and maintain the DHX sodium outlet temperatures within 
prescribed limits. The DHX control system has been modeled in detail within SASSYS. 
Each of the DHX modules has a controller that uses measurements of the sodium outlet 
temperatures to adjust the fan speeds and position of the flow dampers (both coarse and fine 
dampers). The DHX control system also provides for reducing the air flow and closing the 
flow dampers in response to a reactor scram. This is necessary to prevent overcooling of the 
secondary sodium. The steady-state response of balance-of-plant model with the DHX 
modules was calibrated against test data from the initial design verification. The transient 
response of the balance-of-plant model with DHXs was calibrated and compared against 
measured FFTF acceptance test data for the scram to natural circulation from 100% power. 

6.1.4.2 Plant Protection System. The Plant Protection System (PPS) consists of two 
independent separate Reactor Shutdown Systems (RSS) and a Containment Isolation System 
(CIS). (The CIS is not modeled by SAS4A/SASSYS-1 and is not discussed in this report.) 
Functionally, the PPS includes all instrumentation channels, power supplies, logic devices, and 
actuators associated with these systems. 

The two independent Reactor Shutdown Systems consist of a primary and secondary 
shutdown system. The primary RSS causes the three primary rods to drop into the reactor_ 
The secondary RSS cause the six secondary control rods to drop. By design, each of these 
systems is capable of terminating all Anticipated, Unlikely, and Extremely Unlikely events, 
even if the most reactive rod is not inserted. 

The RSS shuts down (scrams) the reactor, along with removing power to the primary 
and secondary pumps and DHX fan motors, and issues control signals to reduce the DHX air 
flow, when any of the following off normal plant operating conditions occur: 

Nuclear power excursion 

Insufficient heat removal from the reactor 
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Significant imbalance between the heat removal capabilities of the primary and 
secondary of any HTS loop 

Loss of offsite electrical power 

Manual scram. 

The primary and secondary RSS trip functions are modeled in detail in SASSYS 
through the use of control system input (CSI) data blocks. Table 6-2 summarizes the trip 
inputs that are used for the primary and secondary shutdown systems. The two RSS systems 
are modeled separately within SASSYS and are actuated by different "calculated" plant 
variables. All RSS measurements, functional relationships, actuation limits and time constants 
are consistent with the requirements documented within the FFTF FSAR Chapter 17, Table 
17 .2.2-1 and Appendix F, with three exceptions. These exceptions are discussed in the 
following paragraph. 

The nuclear power low and high startup flux functions in the primary RSS are not 
explicitly modeled in SASSYS, since these two functions are applicable only during reactor 
startup, which is not the limiting initial condition for the design basis events discussed in 
Section 3.2. (The nuclear power low and high startup flux functions can be simulated by 
changing the overpower setpoints consistent with the analysis.) Secondly, the loss of 
electrical power function within the secondary RSS is not modeled, since electrical power is 
not one of the calculated variables in SASSYS. However, the loss of electrical power can be 
simulated by the use of time delays controlling the scram reactivity as a function of time. 
Finally, one other function in the secondary RSS is partially modeled. This is the power 
permissive trip function, which involves three measured plant variables; the HTS bus voltage, 
which again is not a calculated variable in SASSYS, the reactor power, and primary loop 
flow. Only the relationship between the reactor power and primary loop flow is modeled for 
the power permissive trip function. 

In addition to modeling the RSS functions, the CSI logic includes input controlling 
whether or not a scram occurs. Three user choices are available. They are: 

Any trip in the primary or secondary RSS causes a scram, including a user 
specified time of scram. 

At least one trip in both the primary and secondary RSS causes a scram 

No scram. 

Finally, each individual trip function in either the primary and secondary RSS can be 
turned on or off depending on the type of analysis being performed. This is very crucial 
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when individual trip setpoints are being investigated and the reactor response must be 
determined. 

6.2 HOT CHANNEL FACTORS 

The use of hot channel factors (HCF) allows uncertainties in design, manufacturing, 
and operational variables to be conservatively accommodated during the initial design phase 
and safety analyses. Figure 6-4 presents the pin, assembly and core regions which were used 
to identify the various hot channel factors that would apply. Table 6-1 presents the direct, 
statistical, and combined three sigma FFTF FSAR hot channel factors that were used for the · 
protected design basis transient analyses. 

The HCFs have evolved over a long period of time and are generally determined on a 
three sigma basis and usually combined in a semistatisical manner. The hot channel factors 
presented in Table 6-1 are the same as Table F .4.1-4 in Appendix F of the FFTF FSAR. The 
same HCFs were applied to both driver fuel and tritium assemblies. 

One method of applying hot channel factors uses the temperature differences across a 
key component, usually the maximum power fuel pin, within the core, as shown in Equation 
6-1. (This is the method used by HOTSTUFF to determine the hot channel temperatures.) 
For example, the hot channel coolant temperature can be obtained by summing the first two 
terms of Equation 6-1. The hot channel cladding outer diameter temperature can be obtained 
by summing the first three terms and so forth. If necessary the hot channel fuel temperatures 
can be determined by applying the appropriate hot channel factors to the temperature 
differences across the gap and the fuel pellet and summing according to Equation 6-1 . 

Where, 

THC = T INLET + F cooL * dT cooL + F FILM* dT FILM + F CLAD* dT CLAD Equation 6-1 

T Hc = Hot channel temperature, 
T INLET = Nominal channel inlet temperature + 15 °F, 
dT cooL = Axial coolant temperature increase, 
dTFILM = Temperature difference across film, 
dT CLAD = Temperature difference across the cladding 
FcooL = 1.350, combined hot channel factor for coolant 
FmM = 2.750, combined hot channel factor for film 
F CLAD = 1.185, combined hot channel factor for cladding 

Another method uses equivalent power multipliers and flow reductions to obtain the 
same if not more conservative cladding temperatures then through the explicit application of 
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the individual hot channel factors shown in Table 6-1. This method was used for the 
MEL TIII/FCF-213 strain calculations that were performed for the transient overpower events 
(see Section 7.0). 

The hot channel temperatures for the continuous flow reduction (CFR) events were 
determined using the explicit application (first method) of hot channel factors to nominal 
temperature distributions. The hot channel temperatures were determined via the HOTSTUFF 
post-processor using the time histories of the nominal temperature distributions as output by 
SASSYS in a specialized file. 

6.3 ASSUMPTIONS 

The following paragraphs describe the reactivity feedbacks, rationale for selecting the 
events to be analyzed, and the initial conditions that were assumed for the subject analyses. 

6.3.1 Reactivity Feedbacks 

The transient overpower event analyses, as documented within Chapter 15 and 
Appendix F of the FFTF FSAR, assumed the only reactivity feedbacks available were Doppler 
and Sodium density. The fuel axial expansion, structural (radial expansion and bowing), and 
control rod driveline expansion feedbacks were conservatively set to zero. (The fuel axial 
expansion, structural, driveline expansion feedbacks are actually negative and, thus, it is 
extremely conservative to ignore these beneficial effects on the course of the various 
transients.) As a further conservatism, the Doppler feedback was increased 20% for the heat 
removal reduction events and decreased 20% for the transient overpower events. 

The continuous flow reduction (CFR) analyses, as documented in Chapter 15 and 
Appendix F of the FFTF FSAR, uses a different methodology for the application of reactivity 
feedbacks. Reactivity multipliers were used to force the core to the most conservative power
to-flow ratio. The resulting reactivities used for the CFR are considered somewhat unrealistic, 
but necessary to obtain the most limiting hot channel temperatures that could potentially 
occur. 

For all the FFTF FSAR design basis events, either the primary or secondary RSS was 
assumed to actuate and terminate the event. 

The transient overpower analyses as documented within this report assumed the 
following reactivity feedbacks: 80% of the nominal Doppler, 100% of the nominal sodium 
density, 100% of the calculated tritium assembly axial expansion, and 50% of the calculated 
driver fuel assembly axial expansion. The 50% driver fuel axial expansion assumption is 
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based on conservatively using a portion of the reactivity effect due to axial thermal expansion 
of the fuel during transient overpower events. Fuel axial expansion has always been present 
in FFTF, but was previously dominated by the large Doppler feedback. The fuel pin pellet 
and cladding designs for the proposed tritium production core are identical to the original 
Series I and II designs, with the exception of the cladding material. 

For continuous flow reduction events, which cause the cladding to heat as the fuel and 
target material cools, the subject analyses used a similar technique as the FSAR. The amount 
of positive reactivity feedback due to fuel axial contraction was varied through the application 
a reactivity multiplier to obtain a core response that resulted in the most conservative power
to-flow ratio that could potentially occur. 

The detailed axial fuel expansion model available in the SAS4A/SASSYS-1 computer 
code was used for the driver fuel pins. Fuel axial expansion is calculated using a generalized 
plane strain assumption. To find the axial plane strain, a total force balance is performed. If 
the fuel-cladding gap is open (free expansion), then the force summation contains no term for 
the effects of the cladding. If the fuel and cladding are in contact, then the cladding terms 
must be included in the force balance. Various options are available for selecting the 
combinations of axial plane strain, axial swelling, and crack volume. This selection is 
affected by the user definition of the input parameter NAXOP (Block 51 , Location 20). The 
calculated reactivity due to fuel axial expansion, was reduced using the feedback coefficient 
multiplier EXPCOF (Block 13, Location 1263). For example, EXPCOF would be set to 0.50 
to use only 50% of the calculated fuel axial expansion reactivity during a transient overpower 
event. Guidance was received from the Reactor Analysis Division with respect to the use of 
this key input parameter. 

The simple axial expansion model was used to calculate the amount of reactivity due 
the axial expansion of the absorber columns. 100% of the calculated positive reactivity due 
axial expansion of the target assemblies was used during transient overpower events, when the 
absorber column is expanding. During the CFR events, when the absorber column is 
contracting inserting negative reactivity, none of the calculated reactivity was used. 

This is accomplished through the input parameter EXPCFF (Block 63, Location 79). 
EXPCFF would be set to 1.00 during the transient overpower events and 0.000 during the 
CFR or LOF events. Guidance was received from the Reactor Analysis Division with respect 
to the use of this key input parameter. 

Finally, consistent with the FFTF FSAR, no control rod driveline axial expansion or 
structural (radial expansion and bowing) reactivity feedbacks were assumed for the protected 
design basis transient events as analyzed by the 22 channel tritium and medical isotope 
production core SAS4A/SASSYS-1 model. The control rod driveline axial expansion and 
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structural feedbacks were conservatively set to zero through the use of the input parameters 
ICREXP and IRADEX (Block 1, Locations 31 and 36). 

6.3.2 Selection of Transient Events For Analysis 

A wide range of design basis reactivity insertion/transient overpower events and heat 
removal reduction loss-of-flow events were identified and analyzed in the FSAR. Only two 
reactivity insertion/transient overpower events were calculated to result in any significant fuel 
cladding strain and only one heat reduction removal/loss-of-flow event challenged the FSAR 
hot channel cladding midwall temperature. These limiting events have been reanalyzed as 
described in the following sections. It should be noted that the TOP reanalyses conservatively 
used the same initial power-to-flow ratio used in the FSAR rather than the reduced value for 
the new reference core. Whereas, the LOF analyses used the nominal values for the reference 
core and then applied hot channel factors to the results. 

6.3.2.1 Reactivity Insertion (Transient Overpower) Events. The 3$/s ( 4$ total) reactivity 
insertion event is the design basis transient overpower event for the PPS; it bounds events 
such as meltdown of a single control or fuel assembly. This event is categorized as an 
Extremely Unlikely event. The FSAR calculation showed a calculated fuel cladding strain of 
0.13%, well below the limit for Unlikely events. Because of the reduced Doppler coefficient 
and changes in the delayed neutron parameters this transient event was selected to be 
reanalyzed for the new core. The results of this analysis are presented in Section 7 .1.1 

The FFTF FSAR calculations indicate that a very slow reactivity insertion event that 
results in a power increase of 0.032%/s, results in a higher calculated cladding strain than any 
reactivity insertion event (0.28% cladding strain when terminated by the second RSS trip 
function). Although no credible mechanism could be identified for such an event, this event 
is just slow enough to avoid the positive rate of power increase RSS trip functions. This 
event is categorized as an Extremely Unlikely event. The results of the analysis are presented 
in Section 7 .1.2 

6.3.2.2 Design Basis Reduction of Heat Removal Event. Only one design basis reactor 
reduction of heat removal or undercooling event challenged and slightly exceeded the 
established cladding temperature limits in the FSAR (additional analyses were performed to 
demonstrate that the specified cladding strain limits were still met). This event was a 
continuous reduction in primary sodium flow caused by a failure in the flow control system. 
This event is commonly referred to as a Continuous Flow Reduction (CFR). All other events 
met the established temperature limits with considerable margin. 

The CFR is considered an Anticipated event given termination with actuation of the 
RSS by the first trip encountered. The CFR is considered an Unlikely Event given the failure 
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of the RSS associated with the first trip followed by termination of the event with the 
actuation of the remaining RSS backup trip. Again, as with the reactivity insertion events, 
given the reduced Doppler coefficient and changes in the delayed neutron parameters the CFR 
event was reanalyzed for the new core. Two separate CFR analyses were performed for the 
tritium and medical isotope production core, given separate trips associated with the first and 
second backup RSS functions. The results of the CFR analyses are presented in Section 7.2. 

6.3.3 Initial Conditions 

All the transient analyses documented by this report were initiated from steady-state 
reactor conditions representative of 100% power and 100% flow, where 100% power 
corresponds to a total core power 400 MW and 100% flow corresponds to a total mass flow 
rate of 1.748E+07 lbm/hr. The individual assembly power and flow distributions were 
obtained for a representative end-of-equilibrium cycle (EEC) condition consistent with the 
definitions of 100% power and 100% flow. 

The transient analyses simulated up to 60 seconds of steady-state operations prior to 
initiating the specific event to allow plant parameters such as reactor power, net reactivity, 
loop and channel flows, component temperatures, etc. to stabilize. The results presented in 
Sections 7 .1 and 7 .2, with the exception of Figure 7-1 , do not include the pretransient period. 
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TABLE 6-1. HOT CHANNEL FACTORS AT 680°F INLET TEMPERATURE 

Coolant Film Cladding Gap Fuel 
_1_ 2 _3_ _..4... -2.. 

A. DIRECT 
1. Inlet Flow Maldistribution 1.050 1.012 
2. Intrasubassembly Flow 

Maldistribution 1.140 1.035 
3. Interchannel Coolant Mixing 1.00· 
4. Power Control Band 1.020 1.020 1.020 1.020 1.020 
5. Wire Wrap Peakingb 2.000(1.214t 

Direct Combinationb 1.221 2.137(1.297)b 1.020 1.020 1.020 

B. STATISTICAL 
1. Fissile Fuel Maldistribution 1.035 1.035 1.035 1.035 1.035 
2. Power Level Measurements 1.079 1.079 1.079 1.079 1.079 
3. Nuclear Power distribution 1.060 1.065 1.065 1.065 1.065 
4. Rod Diameter, Pitch, · and Bow 1.011 
5. Film Coefficient 1.266 
6. Gap Coefficient 1.470 
7. Fuel Conductivity 1.100 
8. Cladding Conductivity 1.120 

and Thickness 

Statistical Combination 
of Items 1-8 1.106 1.287 1.162 1.482 1.147 

Products of Direct and 
Statistical Combinationb 1.350 2.750(1.669t 1.185 1.512 1.170 

(a) Worst Condition. 

(b) Numbers in parentheses should be used only for calculating fuel temperatures, other for fuel cladding and coolant temperatures. 
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Table 6-2. Trip Inputs to the Reactor Shutdown System 
as for the Tritium Production Core. 

Primary Shutdown System Secondary Shutdown System 

Primary Power Range Nuclear High Flux Secondary Flux/Total Flow 

Primary Power Range Nuclear Low <a> Secondary Flux-Increasing Delayed Flux 

High Startup Flux<a> Secondary Flux-Decreasing Delayed Flux 

Primary Flux-Decreasing Delayed Flux Low Primary Loop Flow 

Primary Flux2/Loop Pressure High Primary Loop Flow 

. mx Primary Outlet Temperature Low Secondary Flow 

Reactor Vessel Coolant Level Loss of Off site Power(b> 

Primary Flux-Increasing Delayed Flux Reactor Outlet Plenum Temperature 

Pressure Permissive Power Permissive<c> 

Manual Scram Manual Scram 

(a) Not explicitly modeled, but can be simulated by changing overpower setpoints. 

(b) Not explicitly modeled, but can be simulated by changing time delays. 

(c) Partially modeled. 
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Figure 6-4. Identification of FFTF Hot Channel Factors As Determined From 
Pin. Assembly. and Core Regions. 
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7 .0 RESULTS OF THE PROTECTED DESIGN BASIS EVENTS 

Selected in-core events previously analyzed and documented within the FFTF FSAR 
have been reanalyzed for the proposed new tritium and medical isotope production core. The 
events selected for reanalysis are the most limiting protected design basis transient overpower 
and reduction of heat removal events as identified in the FSAR. The purpose of these 
analyses is to show that the existing Reactor Shutdown System (RSS) is adequate to maintain 
cladding strains and temperatures within the established limits for protected events to 
maintain cladding integrity. The results of the Transient Overpower analyses and cladding 
strain calculations are presented in Section 7 .1. The results of the Heat Removal Reduction 
analyses are presented in Section 7 .2. 

7.1 TRANSIENT OVERPOWER EVENTS 

The 3 $/sand a 0.032 %power/s transient overpower events were used to evaluate the 
cladding strain. These transients produced nonzero cladding strain for the original FSAR. 
The relative severity of the transient strains are determined by the response of the plant 
protection system and the thermal response of the fuel. The results show that the cladding 
strains are below the FSAR limits and no fuel pin cladding failure is expected in either case. 
In addition, for both the transient overpower events that were analyzed the maximum hot 
channel cladding inner diameter temperature for the tritium target assemblies was determined 
to be less than 1500 °F. 

7.1.1 Fast Reactivity Insertion (3$/s) 

The 3$/s transient was analyzed using both the SAS4A/SASSYS-1 and the 
MELTIII/FCF-213 computer codes. The more sophisticated feedback models in SASSYS are 
better suited for modeling transients in the tritium production core. However, the FCF-213 
cladding strain calculation is not available in SASSYS. The MELTIII computer code, not 
SASSYS, must be used to perform the transient strain calculations. The fuel axial expansion 
reactivity feedback is not modeled by MELTIII and must be incorporated indirectly through 
the transient power and flow histories obtained from SASSYS. 

The resultant power and flow histories for the 3$/s transient overpower event, as 
obtained from SASSYS, were input to the MELTIII/FCF-213 computer code. Figure 7-1 
presents the normalized reactor power and channel flow histories that were used for the 
strain analysis. The transient was initiated from a steady-state condition corresponding to 
100 % power and 100 % flow. 

35 



HNF-1732 

The 3$/s transient as calculated by SASSYS produces a slightly lower peak reactor 
power than the FSAR reference case . The RSS is actuated by the primary high flux trip at 
115% power. (If the transient had been allowed to continue, additional trips would have 
occurred at 116%, 118%, and 126%, due to exceeding the actuation limit of the Secondary 
Flux to Increasing Delayed Flux, · Primary Flux to Increasing Delayed Flux, and the 
Secondary Flux to Flow trips, respectively.) Time delays associated with opening the control 
rod circuit breakers and decay of the magnetic field holding the control rods, allows the 
reactor power to overshoot before the assumed scram worth terminates the event. 

MELTIII/FCF-213 was used to calculate the fuel, cladding and coolanttemperatures 
and the cladding strain for the hot channel pin. The results are summarized in Table 7-1. 
The peak temperatures and powers for the tritium and medical isotope production core are 
lower than the FSAR reference case. However, since the initial peak pin power is lower, the 
fuel temperature is lower. The resulting calculated peak incremental transient cladding strain 
is 0.06%, well below the limit of 0.4% for Unlikely events, thus no fuel pin cladding failure 
is expected. 

The Doppler feedback is about an order of magnitude lower for the tritium and 
medical isotope production core when compared to the reference FSAR core. However, the 
total feedback for the tritium and medical isotope production core is more negative due to the 
inclusion of the fuel axial expansion, which MELT does not model. Inclusion of 50% of the 
calculated reactivity due fuel axial expansion results in a higher net negative feedback for the 
tritium and medical isotope production core, even with the reduced Doppler. Since 
feedbacks affect the transient power shape, the results are reduced peak power and peak 
temperatures for the tritium production core. 

7.1.2 Slow Reactivity Insertion (0.032 %Power/s) 

The 0.032 %Power/s transient assumes a non-mechanistic power transient just slow 
enough that the flux-to-increasing-delayed flux trips are not actuated. For this case, the 
MELTIII/FCF-213 computer code does not require power and flow histories from SASSYS. 
The transient is terminated by the backup secondary flux-to-flow trip at 126.5% power. This 
case was initiated from the same initial conditions as the 3$/s transient. The results are 
summarized in Table 7-2. 

The peak coolant and cladding temperatures are about the same for the tritium and 
medical isotope production and FSAR reference cores. The fuel temperatures are lower for 
the tritium production core, which is expected since the peak assembly power is lower. 
However the cladding strain is slightly higher for the tritium production core due to the 
lower fuel melting temperature as a result of the higher enriched fuel. The lower fuel 
melting temperature results in a higher melting fraction during the transient. The FCF-213 
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model assumes a volume increase due to melting which reduces the fuel pin void volume and 
increases the cladding strain. The incremental cladding strain for the tritium production is 
significantly less than the total cladding strain limit of O. 7 % . No fuel pin cladding failure is 
expected. 

7.2 HEAT REMOVAL REDUCTION EVENTS 

The results of the heat removal reduction events, specifically two Continuous Flow 
Reduction transients , are presented in the following sections. The continuous flow reduction 
event, with trips on the first and second RSS functions , was reanalyzed for the new core. 
The CFR event is considered an Anticipated event given actuation of the RSS by the first trip 
and an Unlikely event given the failure of the first trip with actuation of the RSS by the 
second backup trip . 

The intuitive notion that minimizing negative reactivity feedback is the most 
conservative does not apply here. For each of the two CFR transients that were analyzed, 
the search for the worst case temperatures uses a method in which the reactivity due to fuel 
axial expansion is varied via the input parameter EXPCOF. This is done to obtain the 
maximum power-to-flow ratio possible just prior to actuation of the RSS. (This is consistent 
with the FSAR, which used a reactivity multiplier designated as Mx.) Individual feedbacks 
are not as important as the net reactivity is in determining the maximum power-to-flow ratios 
during the CFR events. 

As discussed in Section 6.3.2, the basis for this event was a failure in the flow 
controller that slowly reduces the speed of the primary pumps. The reactor power slowly 
decreases due to the effects of negative reactivity feedback as the sodium coolant temperature 
increases. If the flow decreases at a rate greater than the reactor power, the power-to-flow 
ratio will be greater than 1.0. As a result, the peak cladding temperature will increase. The 
worst case power-to-flow ratio is achieved at the intersection of two or more PPS trip 
functions. For the first trip the worst case occurs at the intersection of the secondary low 
primary flow and flux-to-flow PPS functions. For the second trip the worst case occurs at 
the intersection of the primary low pressure (i.e . , pressure permissive) and flux squared-to
pressure PPS functions. For the anticipated design basis events the FSAR hot channel 
cladding midwall temperature limit is 1490 °F for a peak assembly bumup of 80,000 
MWd/MTM. For unlikely events the FSAR limit is 1584 °Fat 80,000 MWd/MTM. 

The results as discussed below show that the cladding temperatures are below the 
FSAR limits and no fuel pin cladding failure is expected in either case. In addition, for both 
the continuous flow reduction events that were analyzed the maximum hot channel cladding 
inner diameter temperature for the tritium target assemblies was determined to be less than 
1500 °F. 
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7 .2.1 Continuous Flow Reduction Event - First Trip 

The 22 channel SAS4A/SASSYS-1 model of the tritium and medical isotope 
production core was used to perform the transient analysis of the anticipated CFR event. 
The reactivity feedbacks used for the CFR analyses are as follows; 1) the nominal Doppler 
feedback was increased 20%, 2) 100% of the n_ominal sodium density , 3) no tritium assembly 
axial feedback, 4) no control rod driveline expansion, and 5) no radial expansion and 
bowing. The multiplier for the detailed fuel axial expansion model was varied searching for 
the worst case intersection with the secondary low primary flow and secondary flux-to-flow 
trip functions. The transient was initiated from 100% power and 100% flow steady-state 
conditions. 

Figure 7-2 presents the transient power-to-flow ratio versus power for a CFR 
terminated by the first trip. The power-to-flow ratios versus power corresponding to the 
variable low primary flow and flux-to-flow actuation setpoints are also shown. The results 
indicate that the worst case power-to-flow ratio of 1.365 was obtained for a fuel axial 
expansion feedback coefficient multiplier (EXPCOF) of 0.5150. Table 7-3 summarizes the 
peak hot channel coolant and cladding midwall temperatures. Figure 7-4 presents the 
transient peak hot channel cladding midwall temperatures for both of the continuous flow 
reduction events. 

The peak hot channel cladding midwall temperature was determined to be 1500 °F. 
This includes a 35 °F increase to account for a 15 °F uncertainty in the core inlet temperature 
and a 20 °F increase to account for a combination of slightly more aggressive assembly 
powers and intra-assembly radial peaking factors corresponding to beginning-of-equilibrium 
cycle (BEC) conditions. (The calculated FSAR hot channel cladding midwall temperature for 
this event was 1516 °F.) 

The maximum hot channel cladding midwall temperature for the continuous flow 
reduction given the first trip slightly exceeds the most conservative limit of 1490 °F. 
However, given the calculated assembly peak bumup of 67 ,000 MWd/MTM, the actual 
FSAR limit is 1518 °F (see Fiture 3-1). 

The results show that the hot channel cladding midwall temperatures for the tritium 
. and medical isotope production core are below the FSAR limits. No fuel pin cladding failure 
is expected during an anticipated CFR event. In addition, the maximum hot channel cladding 
inner diameter temperature for the tritium target assemblies was determined to be less than 
1500 °F. 
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7 .2.2 Continuous Flow Reduction Event - Second Trip 

As with Section 7.2.1, the 22 channel SAS4A/SASSYS-1 model of the tritium and 
medical isotope production core was used to perform the transient analysis of an unlikely 
CFR event. The reactivity feedbacks used for these analyses are the same as those used for 
the analysis of the anticipated CFR event. The multiplier for the detailed fuel axial 
expansion model was varied searching for the worst case intersection with the primary low 
pressure (i.e., pressure permissive) and primary flux squared-to-pressure trip functions. The 
transient was initiated from 100% power and 100% flow steady-state conditions. 

Figure 7-3 presents the transient power-to-flow ratio versus power for a CFR 
terminated by the second trip. The power-to-flow ratios versus power limits corresponding 
to the primary low pressure and primary flux squared-to-pressure actuation setpoints are also 
shown. The results indicate that the worst case power-to-flow ratio of 1.475 was obtained 
for a fuel axial expansion feedback coefficient multiplier (EXPCOF) of 0.2075. Table 7-3 
summarizes the peak hot channel coolant and cladding temperatures. Figure 7-4 presents the 
transient peak hot channel cladding midwall temperatures. 

The peak hot channel cladding midwall temperature was determined to be 1556 °F. 
This includes a 35 °F increase to account for a 15 °F uncertainty in the core inlet temperature 
and a 20 °F increase to account for a combination of slightly more aggressive assembly 
powers and intra-assembly radial peaking factors corresponding to beginning-of-equilibrium 
cycle (BEC) conditions. 

The maximum hot channel cladding midwall temperature for the unlikely continuous 
flow reduction event as terminated by the second backup trip is less than the most 
conservative limit of 1584 °F. . See Figure 3-1. (The corresponding calculated FSAR 
temperature of 1588 °F was determined to exceed the FSAR limits for a less than 10 
seconds. Additional analyses were performed to demonstrate that the specified cladding 
strain limits were met.) 

These results show that the hot channel cladding midwall temperatures for the tritium 
production core are below the FSAR limits. No fuel pin cladding failure is expected during 
an unlikely CFR event. In addition, the maximum hot channel cladding inner diameter 
temperature for the tritium target assemblies was determined to be less than 1500 °F. 
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Table 7-1. Results of the 3$/s Transient Overpower Analysis. 

Tritium Mission 
Parameter FFTF FSAR case Case 

Peak Power/Initial Power 3.91 3.56 

Peak Fuel Temperature (K) 2860 2794 

Peak Cladding Temperature (K) 1055 1033 

Peak Coolant Temperature (K) 1022 1000 

Peak Cladding Strain ( % ) 0.13 0.062 

Initial Fuel Temperature (K) 2547 2507 

Initial Cladding Temperature (K) 967 967 

Initial Coolant Temperature (K) 934 935 

Table 7-2 . Results of the 0.032 %Power ls Transient Overpower Analysis. 

Tritium Mission 
Parameter FFTF FSAR case Case 

Peak Power/Initial Power 1.265 1.265 

Peak Fuel Temperature (K) 2995 2955 

Peak Cladding Temperature (K) 1047 1047 

Peak Coolant Temperature (K) 1007 1009 

Peak Cladding Strain ( % ) 0.28 0.31 
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Table 7-3. Hot Channel Temperatures Obtained 
for the Continuous Flow Reduction Events. 

Transient (Peak Values) Temperatures °F(°K) Temperatures °F (°K) 
Secondary RSS Primary RSS 

Time(s) of Peak Values 31.3 sec 32.5 sec 

Peak Power-To-Flow Ratio 1.365 1.475 

Coolant Outlet 1442.0 (1056.5) 1495.0 (1085.9) 

Clad Midwall 1499.8 (1088.6) 1555.8 (1119. 7) 
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8.0 SUMMARY AND CONCLUSIONS 

Selected in-core accidents previously analyzed in the FSAR have been re-evaluated for 
the proposed tritium and medical isotope production core. The events selected for re
evaluation are most limiting protected design basis events identified in the FSAR. The 
purpose of these analyses is to show that the existing Reactor Shutdown System (RSS) is 
adequate to maintain cladding strains and temperatures within the established limits for the 
protected events. 

The results of the analyses, as summarized in Table 8-1, show that, as expected, the 
protect transient results are quite similar to the existing FSAR results and that the RSS is 
indeed adequate to prevent fuel cladding failure for both the driver fuel and tritium 
assemblies. 

For the extremely unlikely reactivity insertion events, a peak incremental cladding 
strain of 0.31 % was calculated for the very slow reactivity insertion event versus a peak 
incremental cladding strain of 0.062% for very fast PPS design basis reactivity insertion 
event. In addition, for both reactivity insertion events the maximum hot channel cladding 
inner diameter temperature for the tritium target assemblies was less than 1500 °F. Note that 
maintenance of cladding integrity was not a criteria for the Extremely Unlikely events. For 
Extremely Unlikely events the assurance of Coolable geometry is required, by limiting the 
sodium coolant temperature less than 1670 °F. The existing FSAR analyses demonstrated that 
in fact the cladding strains and temperatures were expected to remain below the Unlikely 
event cladding integrity limits and, thus, no fuel pin failures are expected. 

For the heat removal reduction events, a maximum hot channel cladding midwall 
temperature of 1500 °F was calculated for the Anticipated CFR event, terminated by the first 
RSS trip. A maximum hot channel cladding midwall temperature of 1556 °F was calculated 
for the Unlikely CFR event, terminated by the second backup RSS trip. 

The maximum hot channel cladding midwall temperature of 1500 °F for the 
Anticipated CFR event exceeds the minimum temperature limit of 1490 °F for an assembly 
peak burnup of 80,000 MWd/MTM. However, given the actual peak burnup of approximately 
67,000 MWd/MTM, the corresponding FSAR clad midwall temperature limit is 1518 °F. In 
addition, for both continuous flow reduction events the maximum hot channel cladding inner 
diameter temperature for the tritium target assemblies was less than 1500 °F. Therefore, fuel 
or tritium target pin failures are expected. 
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Table 8-1. Summary Comparison of the Calculated Design Basis 
Transient Results for FSAR Reference and the 

Tritium Production Core. 

Peak 
Event FSAR Result New Core Result 

Slow Reactivity Insertion 
(0.032 ¾Power/s) 0.28% strain 0.31 % strain 
0.4% strain 

Design Basis Transient 
Overpower ($3/s) 0.13% strain 0.06% strain 
0.4% strain 

Continuous Flow Reduction 
(first RSS trip) 1516°F 1500°F 

Continuous Flow Reduction 
(backup PPS trip) 1588°F 1556°F 

Limit 

1490°F(a) 

1584°F 

(a) Corresponds to a peak fuel burnup of 80,000 MWd/MTM. Temperature limit is 
1518°F for the calculated peak fuel burnup of 67,000 MWd/MTM. 
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October 14, 1997 

Dave Lucoff 
B& W Hanford Company 
P.O. Box 1200 
Richland, WA 99352 

Dear Dave: 

Pacific Northwest National Laboratory 
Operated by Battelle for the U.S. Department of Energy 

RE: TRANSIENT PERFORMANCE OF FFTF TRITIUM TARGETS 

The following tables provide a description of the transient performance of the FFfF tritium 
targets. Table 1 provides the calculated results for FFTF target material column expansion as 
a function of target assembly flow rate and power. The numbers for column expansion are 
referenced from room temperature. No values are provided for those conditions where target 
material melting is predicted. Intermediate values in Table 1 may be obtained by 
interpolation. For evaluation of transients events, do not assume negative expansion during 
cool down since there is potential for pellet hangup and pellet column ratcheting. 

Table 1. Target Expansion as Function of Target Flow and Target Power (Inches) 

Flow (lbm/hr) 800kW 600kW 400kW 200kW lOOkW 40kW 20kW 

31,600 melting 0.490 0.384 0.283 0.234 0.205 0.196 

15,000 melting 0.535 0.411 0.296 0.240 0.207 

7,500 melting melting 0.464 0.320 0.252 
, 

5,000 . melting melting 0.521 0.344 0.263 0.217 0.201 
· ·-

3,000 melting melting 0.641 0.396 0.287 

1,500 melting melting melting melting 0.348 0.249 

750 melting melting melting melting 0.481 0.296 0.240 

300 melting melting melting melting melting . 0.451 0.311 

Table 2 provides an. estimate of the thermal time constant for the FFTF targets for various flow 
rates and assembly powers. The numbers in Table 2 are an estimate of the distributed . , 
parameter time constant based on the pell~t temperatures at the rod mid-plane. The thermal 

Battelle Boulevard • P.O. Box 999 • Richland, WA 99352 

·Telephone (509) 372-4135 • Email bd_reid@pnl.gov • Fax (509) 372-6421 
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Dave Lucoff 
October 14, 1997 
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time constants are close in value to lumped-parameter time constants defined as the heat 
content per unit rod length per degree divided_ by the heat loss per unit rod length per degree. 
Larger thermal time constants are due to the opening up of the gaps between the internal 
components in the target. As before, no values are provided for those conditions where target 
material melting is predicted and intermediate values in Table 2 may be obtained by 
interpolation. The values provided in Table 2 are somewhat larger than the earlier lumped 
parameter values provided informally. 

Table 2. Estimated Thermal Time Constant at Rod Midplane (Seconds) 

Flow (lbm/hr) 800kW . 600kW 400kW 200kW 

31,600 melting 40.6 34.0 30.1 

15,000 melting 42.7 34.9 30.3 

7,500 melting melting 37.1 31:2 

5,000 melting melting 41.0 34.0 

3,000 melting melting 56.0 42.8 

'1,500 melting melting melting melting 

750 melting melting melting melting 

300 melting melting melting melting 

If there are any questions, I can be reached at (509) 372-4135. 

Sincerely, 

c~~ 
Bruce D. Reid 

BDR/cs 

cc: TM Burke, BWHC 
KD Dobbin, FDNW 
OA Farabee, DOE-RL 
FJ Heard, NHC 
DD Lanning, PNNL 
EF Love, PNNL 
File/LB 

lOOkW 40kW 

28.1 27.3 

28.4 27.3 

29.0 

30.3 28.9 

37.1 

55.6 51.3 

98.2 87.4 

melting 206.2 

20kW 

26.8 

27.9 

83.8 

204.1 

I 
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Attachment E.1.1-2 

Preliminary Scoping Analysis of Unprotected Accidents in the 
Fast Flux Test Facility Tritium Production Core 

The Argonne-prepared report, Preliminary Scoping Analysis of Unprotected 
Accidents in the Fast Flux Test Facility Tritium Production Core , is 
currently undergoing final review prior to being issued. This report will 
be incorporated in the next revision of this document. 
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Attachment E.1.1-3 

Radiological and Toxicological Consequences of a 
Core Meltdown Event 
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Abstract: The Fast Flux Test Facility (FFTF) has been proposed as a 
production facility for tritium and medical isotopes. A-bounding set of 
postulated in-core accidents were identified and evaluated using new 
source terms for the higher fuel enrichment and for the tritium and 

. medical isotope targets. In addition, the .estimated effect of the 
presence of the Rapid Retrieval System in increasing the sodium release 
and containment pressure during the HCDA was included. Consequences of 
the analyzed accidents were found to be well within applicable risk 
guidelines for the new mission core. 
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EVALUATION OF SELECTED IN-CORE ACCIDENTS 
IN THE FAST FLUX TEST FACILITY RELATED TO THE 

PROPOSED TRITIUM AND MEDICAL ISOTOPE PRODUCTION MISSION 

1.0 INTRODUCTION 

The hypothetical unprotected transients evaluated in the FFTF FSAR, · 
loss-of-flow event with failure to scram and transient overpower event with 
failure to scram, are being evaluated to estimate changes in consequences 
which could occur as a result of the proposed tritium and medical isotope 
production .mission. These two hypothetical events are described as follows: 

• The expected core response and overall energetics are small for the 
transient overpower (TOP) event with failure to scram currently in the 
FFTF FSAR. Ejection of only about 3% of the fuel in the core is 
sufficient to compensate for a total reactivity insertion of the order 
of 5 $. The FFTF FSAR states that the consequences of a TOP event are 
expected to be benign, · i.e., no substantial release of radioactive 
material is expected. The TOP event analysis showed that the first 
level of radioactivity containment (fuel pin cladding) could be ruptured 
in about 30% of the fuel pins. The fission gas released from the failed 
fuel pins would be processed and stored by the Reactor Argon Processing 
System (RAPS). Release to the coolant would be limited to 3% of the 
total core inventory of the volatile/solid fission products and fuel, 
which would be partially removed by the cold traps. 

Results of accident simulations for the TOP event with failure to scram 
for the proposed new mission indicate core behaviour very similar to the 
documented performance of the existing core. Several high power driver 
fuel assemblies will exhibit cladding failure and fuel ejection into the 
coolant. The ejected fuel will be swept out of the core and the 

. associated reactivity decrease will terminate the reactivity transient. 
The degree of core disruption will be similar to or less than that 
doc1:1mentea in the FSAR for the existing core design. The unprotected 
transient overpo~er accident sequence for the tritium/medical j~otope 
production core would therefore present about the same containment 
challenge as the current core design due to the similar degree of core 
disruption. 

• Dispersal of more of the fuel occurs for the loss-of-flow (LOF) event 
without scram currently in the FFTF FSAR. Meltdown of the entire core 
could not be precluded, and release of the entire core contents to the 
primary Heat Transport System could occur. Extensive analysis showed, 
however, that a core meltdown does not threaten the integrity of the 
primary Heat Transport System. The core contents are released and 
severely contaminate the the primary system, but are not expected to 
leak from the primary boundary. A 100 $/s reactivity addition due to 
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core slumping was conservatively assumed which resulted in sufficient 
energy release to cause accelaration of a large slug of sodium against 
the reactor head resulting in significant deformation of the reactor 
internals and head bolts. The analysis results indicated a release of 
up to 300 lb of primary sodium into the reactor head compartment through 
the Closed Loop In-Reactor Assembly (CLIRA) spoolpiece seals. The · 
release of 100% of the core inventory of ·noble gases and 1% of fuel and 
fission products were also assumed. 

. Results of accident simulations for the unprotected loss-of-flow 
hypothetical core disruptive accident (ULOF-HCDA) for the proposed new mission 
indicate that coolant boiling in the flow coastdown will be avoided with a 
margin of about 150°C, and that the reactor will make the transition to 
natural circulation at decay heat power levels within the first five minutes 
of the transient. Because short term · (first few seconds) core disruption is 
avoided, this •accident sequence for the tritium/medical isotope production 
core would present considerably less containment challenge than the current 
core design. 

The eventual end result of the unprotected loss of flow sequence would 
depend on maintaining the residual heat sink and long term coolant 
temperatures sufffciently low to avoid primary system structural failures, or 
alternately on operator action to scram the reactor and to establish permanent 
decay heat removal. In addition, therefore, a loss of decay heat removal 
(loss of secondary heat sink) is to be evaluated. This event was not 
evaluated in the FFTF FSAR, however it is to be assumed that all the core fuel 
assemblies and reflector target assemblies eventually melt, leading to a 
scenario very similar to the ULOF-HCDA. It is to be further assumed that no 
mitigating actions are taken to restore decay heat removal during the event 
and that, as a bounding case, all fuel assemblies melt immediately after 
reactor shutdown with no decay time prior to release from containment, and 
that an energetic sodium release into containment occurs consistent with the 
FSAR ULOF-HCDA . . (In reality, several hours to weeks would elapse between 
reactor shutdown and core melt with the slower meltdown progression leading to 
a much lower likelyhood of significant energetics.) 

These e-va1uations are to be performed by adjusting .the originally 
calculated.consequences in the FFTF FSAR for the various changes in .the core 
constitution and accident scenarios related to the proposed tritium •nd 
medical isotope production missions. The changes which must be accounted for 
are ·as follows : 

• The fuel and fission product release must be adjusted to reflect the 
change, i f any, in the amount of fuel damage in the core predicted by 
the thermal hydraulic analyses just discussed as compared to the damage 
assumed in the original FSAR analyses. 

• The presence of one or more penetrations into the core by the 
Radioisotope Rapid ~etrieval (R3) system produces an additional 
potential leak path for sodium into the containment during an HCDA. 
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In the original FSAR analysis, ejected sodium is assumed to spray into 
the containment and burn, thereby heating and pressurizing the 
containment atmosphere. This provides the driving force for leakage 
from the containment into the environment. An increase in the quantity 
of sodium ejected from the primary system would therefore cause 
increased leakage into the environment . 

• Some or all the medical isotope and tritium production targets in the 
core (including those in the R3 system) could be damaged during an HCDA, 
releasing part or all of their contents. 

• The en~ichment (Pu/total heavy metal) of the driver fuel assemblies 
(DFAs) will be increased substantially to compensate for the negetive 
reactivity associated with the presence of the targets in the core. 
This, in turn, will increase the consequence per unit release of fuel 
and fission products during an HCDA. 

2.0 METHODOLOGY 

The consequences to downwind receptors of each component of the release 
will be evaluated in terms of the release of that component to the containment 
building atmosphere with no credit taken for the release fraction from the 
containment or atmospheric dispersion. Thus it is assumed that the fraction 
of material which escapes from the dome and reaches the receptor will be the 
same for the revised HCDA as in the original FSAR analysis except for specific 
adjustments made in the model due to changes in scenario. The radiological 
dose to a receptor is then given as a ratio with the corresponding FSAR dose 
as : 

(Dose)NEW 
(Dose) FSAR 

= (A.RF) [ (DFA) NEW (N1) + (H3) + (Med) ] 

(DFA) FSAR (N) 
_> 

(1) 

where 6.RF . = ... Th_e change in the rel ease fraction from containment to atmosphere 
due to the increased pressure in the containment' caused by-the 
additional sodium escaping from the R3 system. 

DFA = The radiologi~al ~ose corresponding to the radioisotopes escaping 
into containment ·from one driver fuel assembly assuming a unit X/Q 
(i.e., no dispersion) . 

N = The number of driver fuel assemblies involved in the core melt in 
the original FSAR LOF-HCDA analysis. 
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N' = The number of driver fuel assemblies involved in a core melt 
accident associated with the tritium/medical isotope producti6n 
mission. 

H3 = The radiological dose corresponding to the tritium escaping into 
containment from all the tritium production targets in core and 
reflector assuming maximum end-of-cycle inventory and a unit X/Q 
(i.e . , no dispersion). 

Med= The radiological dose corresponding to the radioisotopes escaping 
into containment from all the medical isotope production targets 
in core assuming maximum end-of-cycle inventories in the worst
case combination of targets and a unit X/Q (i.e., no dispersion). 

3.0 REFERENCE RADIOLOGICAL DOSE CALCULATIONS 

Reference radiological doses per driver fuel assembly corresponding to 
the original FSAR calculations and the new mission fuel, (DFA)Fs~R and 
(DFR)N , will now be developed. The reference doses for the tritium and 

_medicalf isotope production targets, H3 and Med, will also be developed based 
on worst-case core inventories for these target types. The reference 
tritium/medical isotope production mission core loading used for this analysis 
was taken from Reference Core Loading and Summary of Conditions, BWHC-9756847 
(Lucoff 1997). The driver fuel assembly end of irradiaton isotopic · 
inventories were taken from ORIGEN2 (Croff 1980) output files provided for a 
typical end-of-life, 22% enriched inner row driver fuel assembly in the old 
core, and an end-of-cycle 42% enriched (Pu/total heavy metal) driver fuel 
assembly which is considered bounding for the new mission core. The project
provided old DFA inventory is shown in Attachment 1 of this document. The new 
mission UFA inventory is consistent with information provided for the analysis 
of new mission ex-core accidents (Himes et al. 1997) shown in Attachment I of 
that document. Relevant parts of the new mission ORIGEN2 results are shown in 
Attachment 2 of this document. The reference radiological doses for the 
various release ·inventories analyzed here were calculated using the GENII 
Hanford Envir~mental Radiation Dosimetry Software System (Napier et al. 
1988). lh~ ~s~ociated code files and documentation are shown in attachments 
as detailed below. 

l.1 DRIVER FUEL ASSEMBLIES 

The driver fuel doses per assembly corresponding to the release into the 
containment with X/Q = I were calculated using the GENII Code. Consistent 
with the FFTF FSAR, the release fractions into containment were assumed to be 
1% for fission products and fuel and 100% for noble gases. The GENII run 
files and documentation are shown in Attachment 3. 

4 of 106 



HNF-1612 Rev. 0 

3.1.1 Reference FSAR Fuel Assembly 

A reference driver fuel assembly inventory at end of irradiation was 
supplied which was considered typical of an inner row driver with an 
enrichment (Pu/total heavy metal) of about 22%. Specifically, this inventory 
(shown in Attachment 1) is for DFA #16439 irradiated to 445.8 EFPD (effective 
full power days) through cycle 4 in core location 1201. Isotopes which would 
not cause an appreciable dose (i.e., those not in the GENII isotope matrix) 
were omitted. The resulting inventory and releases are shown below in Table 
3.1-1. Note that the activation products are assumed to be retained within 
the metallic portions of the damaged fuel assembly. 

Table 3.1-1. Inventory and releases for the FSAR driver 
fuel assembly 

... 

Isotope 

Fission Products 
H 3 
C 14 
Se 79 
Kr 85 
Sr 90 
Y 90 
Zr 93 
Zr 95 
Nb 93m 
Nb 94 
Nb 95 
Nb 95m · 
Tc 99 
Ru106 
Pd107 

- · AgllOm 
Cdll3m 
Snl19m 
Snl21m 
Sn123 
Sn126 
Tel23m 
Te125m 
Tel27 
Te127m 
Sb125 
Sb126 
Sbl26m 
I 129 

Inventory (Ci) 

5.84E+l 
9.52E-6 
2.97E-2 
5.26E+2 
3.22E+3 
3.62E+3 
1.08E-1 
1.82E+5 
6.02E-3 
3.93E-5 
1. 55E+5 
1.30E+3 
1. llE+O 

, 9. 70E+4 
1.79E-2 
5.75E+2 
8.78E+O 
4.14E+l 
9.53E-2 
8.18E+2 
1.25E-1 
8.42E-1 
5 .17E+2 
2.52E+4 
2.62E+3 
2.58E+3 
6.27E+2 
1. 66E+2 
3.68E-3 
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Release (Ci) 

5.84E-1 
9.52E-8 
2.97E-4 
5.26E+2 
3.22E+l 
3.62E+l 
1.08E-3 . 
1. 82E+3 
6.02E-5 
3.93E-7 
1.55E+3 
1.30E+l 
1.llE-2 
9.70E+2 
1.79[.:.4 
5.75E+O 
8;78E-2 
4.14E-1 
9.53E-4 
8.18E+O 
1. 25E-3 
8.42E-3 
5.17E+O 
2.52E+2 
2.62E+l 
2.58E+l 
6.27E+O 
1. 66E+O 
3.68E-5 
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Isotope Inventory (Ci) Release (Ci) 

Csl34 5.15E+3 5.15E+l 
Csl35 l.30E-l l.30E-3 
Csl37 8.47E+3 8.47E+l 
Cel44 9.68E+4 9.68E+2 
Prl44 9.73E+4 9.73E+2 
Prl44m l.16E+3 l.16E+l 
Pml47 2.06E+4 2.06E+2 
Sml51 3.22E+2 3.22E+O 
Eul52 2.87E+O 2.87E-2 
Eul54 3.02E+2 3.02E+O 
Eul55 l.32E+3 l. 32E+l 
Gdl53 4.74E+O 4.74E-2 
Tbl60 2.55E+2 2.SSE+O 
Hol66m l. 93E-6 l. 93E-6 

Actinides & Daughters 
Pb212 l.19E-4 l.19E-6 
Bi212 l.19E-4 l.19E-6 
Ra224 l. 19E-4 l.19E-6 
Th228 l.18E-4 l.18E-6 
Th230 4.21E-9 4.21E-ll 
Th2~1 2.49E-4 2.49E-6 
Th234 7.92E-3 7.92E-5 
Pa233 8.54E-3 8.54E-5 
Pa234 7.89E-5 7.89E-7 
U 232 7.37E-4 7.37E-6 
U 233 4.07E-7 4.07E-9 
U 234 5.24E-4 5.24E-6 
U 235 2.36E-4 2.36E-6 
U 236 , 8.93E-4 8.93E-6 
U 237 2.82E+4 2.82E'+2 

- U 238 7.87E-3 7.87E-5 
U 240 4.28E-l 4.28E-3 .. . 
Np237 9.21E-3 9.2IE-5 
Np238 6.28E+3 6.28E+l 
Np239 2. 77E+6 2.77E+4 
Pu236 l.43E-l l. 43E-3 
Pu238 l.24E+2 l. 24E+O 
Pu239 3 .19E+2 3.19E+O 
Pu240 2.60E+2 2.60E+O 
Pu241 - 1. 22E+4 l.22E+2 
Pu242 8.16E-2 8.16E-4 
Pu243 3.17E+3 3.17E+l 
Am241 l.39E+2 l.39E+O 
Am242 l.83E+4 l.83E+2 
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Isotope Inventory (Ci) Release (Ci) 

Am242m l.83E+l l.83E-l 
Am243 2.62E-l 2.62E-3 
Cm242 l.01E+4 l.01E+2 
Cm243 4.25E+0 4.25E-2 
Cm244 8.54E+0 8.54E-2 
Cm245 8.09E-4 8.09E-6 
Cm246 2. l0E-5 2. l0E-=7 

The resulting doses calculated for the above releases with no dispersion 
are shown in Table 3.1-2. 

Table 3.1-2. Doses for reference FSAR fuel assembly 

Isotope Group 

Fission Products 
Actinides & Daughters 

Total 

Dose (rem) 

2.9E+5 
2.2E+6 
2.5E+6 

The total dose shown above is the value of (DFA) F AR in Eqn. 1. The 
total core loading of driver fuel assumed in the FSAR (~ in Eqn. 1) is 76 
assemblies. 

3.1.2 New Mission Fuel Assembly 

The driver fuel assemblies for the proposed tritium and medical isotope 
production missions are to be bounded by an enrichment of 42% and a maximum 
burnup of 500 _EFPD. The corresponding ORIGEN2 inventory provided for these 
analyses is shown in Attachment 2. Isotopes which would not cause ari-
appreciable dose (i.e., those not in the GENII isotope matrix) were omitted. 
The resulting inventory and releases are shown below in Table 3.1-3. Note 
that the activation products _are assumed to be retained within the metallic 
portions of the damaged fue1 -· assembly. 
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Table 3.1-3. Bounding inventory and releases for the 
new mission driver fuel assembly 

·- · . 

Isotope 

Fission Products 
H 3 
Se 79 
Kr 85 
Sr 90 
Y 90 
Zr 93 
Zr 95 
Nb 93m 
Nb 95 
Nb 95m 
Tc 99 
Rul06 
Pdl07 
Agll0m 
Cdll3m 
Snll9m 
Snl2lm 
Snl23 
Snl26 
Tel23m 
Tel25m 
Tel27 
Tel27m 
Sbl25 
Sbl26 
Sbl26m 
I 129 
Xel3lm 
Csl34 
Csl35 
Csl37 
Cel44 
Prl44 
Prl44m 
Pml47 
Sml51 
Eul52 
Eul54 
Eul55 
Gdl53 
Tbl60 

Inventory (Ci) 

8.63E+l 
4 .14E-2 
7.75E+2 
4.66E+3 
5.09E+3 
l.58E-l 
2.83E+5 
6.79E-3 
2.82E+5 
2.00E+3 
1. 65E+0 
1. 69E+5 
2.73E-2 
8.52E+2 
1. llE+l 
5.54E+l 
l.55E-l 
l.22E+3 
1. 72E-l 
8.18E-l 
7.40E+2 
3. 11E+4 
4.40E+3 
3. 69E+3 
7.40E+2 
2. 20E+2 

· 5.45E-3 
2.45E+3 
7.15E+3 
l.96E-l 
1. 28E+4 
l.65E+5 
1. 66E+5 
1. 98E+3 
3.27E+4 
4.84E+2 
2.49E+0 
4. 14E+2 
2.09E+3 
3.21E+0 
3.66E+2 
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Relec1se (Ci) 

8.63E-l 
4.14E- 4 
7.75E+2 
4.66E+l 
5.09E+l 
1. 58E-3 
2.83E+3 
6.79E-5 
2.82E+3 
2.00E+l 
l . 65E-2 
1. 69E+3 
2.73E-4 
8.52E+0 
1.llE-1 
5.54E-l 
1. 55E-3 
l.22E+l 
l.72E-3 
8. 18E-3 
7.40E+0 
3 .11E+2 
4.40E+l 
3.69E+l 
7. 40E+0 
2.20E+0 
5.45E-5 
2.45E:+3 
7.15E+l 
l.96E-3 
1. 28E+2 
1. 65E+3 
1. 66E+3 
1. 98E+l 
3.27E+2 
4.84E+0 
2.49E-2 
4 .14E+0 
2.09E+l 
3.21E-2 
3.66E+0 
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Inventory {Ci) Release {Ci) 

Actinides & Daughters 
Pb212 
Bi212 
Ra224 
Th228 
Th231 
Th234 
Pa233 
U 232 
U 234 
U 235 
U 236 
U 237 
u. 23a 
U 240 
Np237 

. Np238 
Np239 
Pu236 
Pu238 
Pu239 
Pu240 
Pu241 
Pu242 
Pu243 
Am241 
Am242 
Am242m 
Am243 
Cm242 
Cm243 
Cm244 
Cm245 

4.23E-5 
4.23E-5 
4.23E-5 
4.23E-5 
3.llE-4 
5.91E-3 
6.20E-3 
3.69E-4 
5.30E-4 
3.04E-4 
9.63E-4 
l.70E+4 
5.88E-3 
l.91E-l 
6.26E-3 
3.30E+3 
l.60E+6 
9.00E-2 
l.65E+2 
5.74E+2 
3.30E+2 
8.57E+3 
2.72E-2 
8.15E+2 
2.30E+2 
2.34E+4 
2.94E+l 
5.33E-2 
l.83E+4 
7.97E+O 

· 1. 42E+O 
1.06E-4 

4.23E-7 
4. 23E-7 
4.23E-7 
4.23E-7 
3.llE-6 
5.91E-5 
6.20E-5 
3.69E-6 
5.30E-6 
3.04E-6 
.g. 63E-6 
l.70E+2 
5.88E-5 
l.91E-3 
6.26E-5 
3.30E+l 
l.60E+4 
9.00E-4 
l.65E+O 
5.74E+O 
3.30E+O 
8.57E+l 
2. 72E-4 
8.15E+O 
2.30E+O 
2.34E+2 
2.94E-l 
5.33E-4 
1. 83E+2 
7.97E-2 
l.42E-2 
l.06E'-6 

· . .. ..; 

The resulting doses calculated for the above rel eases ·with no dTspers ion 
are shown in Table 3.1-4. 

Table 3.1~4. Doses fof new mission fuel assembly 

Isotope Group 

Fission Products 
Actinides & Daughters 

Total 
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Dose {rem) 

5.0E+S 
3.2E+6 
3.7E+6 
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dose shown above is the value of (DFA)NE~ in Eqn. 1. Note 
in driv~r fuel assembly inventory by itself would increase 
50%. The total core loading of driver fuel planned in the 
81 assemblies (Lucoff 1997). 

3.2 TRITIUM TARGET ASSEMBLIES 

the 
new 

The unclassified design goal for tritium production at FFTF is 1.5 kg 
per year. This ~orresponds to 548 g_ contained within the 16 tritium tirgets 
in the reference core at the end of each 100 Equivalent Full Power Day (EFPD) 
operating cycle (Lucoff 1997). For purposes of this analysis however, a 
bounding maximum of 55 g of tritium per target assembly at end of cycle was 
assumed consistent with the ex-cofe accident evaluation for the 
tritium/medical isotope production mission (Himes et al. 1997). The assumed 
total maximum core load for the 16 tritium targets i~ then 880 g nf tritium · 
corresponding to an activity of (880 g)(9.64E+3 Ci/g) = 8.48E+6 Ci. In 
addition, some or all of the 90 tritium targets making up the reflector could 
be damaged to some degree. For the bounding case, therefore, it is assumed 
that all 90 of the reflector tritium targets also contain 55 g of tritium at 
end of cycle. This represents an additional releasable inventory of 
(90)(55 g)(9.64E+3 Ci/g) = 4.77E+7 Ci for a total tritium inventory of 5.62E+7 
Ci. 

Under conditions which would occur during an HCDA it is very 
conservatively assumed that 100% of the tritium in all the tritium targets 
could be released and, as a bounding case, would be ejected into the 
containment along with t_he sodium. The corresponding radiological dose (H3 in 
Eqn. 1) was calculated using the GENII code to be l.6E+6 rem. The 
corresponding GENII run file and documentation are shown in Attachment 4. 

3.3 MEDICAL ISOTOPE TARGET ASSEMBLIES 

Three positions in the core are reserved for medical isbtope production 
targets (luco-~f·l997). Present plans call for two of these positions .to be 
occupied.by.. Rapid Radioisotope Retrieval (R3) systems, and the third position 
to hold a· Long Irradiation Vehicle (LIV). Maximum isotopic ·inventor"fes and 
reference doses (X/Q = 1) for the various proposed production targets were 
determined in a separate analysis (Himes, et al. 1997) for a target 
crushing/shearing scenario. Jhe crushing/shearing scenario assumed release 
fractions of 0.01% for the sdlid (or granular) target materials and 100% for 
the gas (xenon) targets. For the more severe HCDA scenario, the same release 
fractions were assumed as were assumed for the fuel and fission products in 
Section 3.1, viz. 1% for solids and 100% for noble gases. Taking the relevant 
information from Tables 3.1-2, -3, and ~4 in Himes, et al. (1997), and making 
the necessary adjustments in the releases and doses gives the results shown in 
Table 3.3-1 below. 
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Table 3.3-1. Maximum target inventory releases and reference 
doses for the candidate isotope production systems 

Target Target Isotopes Maximuin Maximum Dose 
Isotope System Produced Activity (Ci) Release (Ci) (rem) 

s 32 R3 p 32 3.98E+2 3.98E+O 2.lE+l 
s 32 LIV p 32 I. 85E+5 I. 85E+3 9.9E+3 
s 33 LIV p 33 5.40E+3 5.40E+l 4.2E+l 
Ti 47 R3 Sc 47 2.30E+2 2.30E+O l.4E+O 
Zn 64 R3 Cu 64 3.69E+2 3.69E+O 5.0E-1 
Zn 67 . R3 Cu 67 1.40E+l 1. 40E- l l .3E-2 
Se 74 LIV Se 75 l.28E+6 I. 28E+4 3.6E+4 
Sr 84 LIV Sr 85 l.40E+3 1. 40E+l 8.4E+O 
Sr 88 LIV Sr 89 2.00E+4 2.00E+2 3.7E+2 
Zr 91 LIV y 91 9.89E+l 9.89E-l I. 6E+l 
Mo 98 R3 Mo 99 l.40E+4 l.40E+2 l.9E+2 
Pdl02 R3 Pdl03 6.80E+4 6.80E+2 3.6E+2 
Pdl02 LIV Pdl03 7.54E+5 7.54E+3 4.0E+3 
Cdl08 UV Cdl09 4.00E+5 4.00E+3 1. 5E+5 
Snll6 R3 Snll7m 3.70E+4 3.70E+2 5.2E+2 
Xel24 Gas (R3) I 125 2.73E+3 2.73E+3 2.0E+4 

. Xel26 Gas (R3) Xel27 I. 02E+3 l.02E+3 4.8E+l 
Tel30 R3 I 131 6.02E+2 6.02E+O ·6.lE+l 
Sml44 LIV Sml45 6.30E+2 6.30E+O 2.3E+l 
Sml52 R3 Sml53 l.03E+5 l.03E+3 6.6E+2 

Natural Eu LIV Gdl53 9.02E+3 9.02E+l 
Eul52 9.55E+2 9.55E+O 
Eul52m 8.17E+4 8.17E+2 
Eul54 l.31E+4 1.31E+2 l.4E+4 

Hol65 R3 Hol66 · 7.00E+3 7.00E+l 7.6E+l 
Lu176 R3 Lul77 2.24E+5 2.24E+3 l.8E+3 
Rel85 - R3 Rel86 l.26E+5 1. 26E+3 1.3E+3 
W 186. LIV W 188 3.28E+4 3.28E+2 4.5E+2 
Irl91 LIV Irl92 2.00E+6 2.00E+4 ·:T.-9E+5 
Osl92 LIV 0s194 2.64E+l 2.64E-l 5.8E+l 
Ptl95 R3 Ptl95m 5.27E+3 5.27E+l 2.lE+l 
Aul97 R3 Aul98 5.90E+3 5.90E+l 6.4E+l 

Ra226 LIV Ra226 1.32E+l l.32E-l 
Ac227 l.OOE+2 l.OOE+O 
Th228 1.05E+3 1.0SE+l 
Th229 7.85E-2 7.85E-4 3.5E+6 
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As can be seen in Table 3.3-1, the worst-case target plartned for 
insertion in the R3 system is the compressed 124Xe gas tube, which is assumed 
to release 100% of its 125 ! inventory along with the gas in the event of any 
break in the system . The worst-case LIV target is the 226Ra target in which 
the initial target material is radioactive and several high specific 
conseauence radionuclides are being produced. GENII run files for the 124Xe 
and 22 Ra targets incorporating the actual assumed release inventories for 
this scenario are listed in Attachment 5. 

It was assumed, therefore, that the worst-case target loading in the 
core is two 124Xe target systems in the R3 positions and one 226Ra LIV target 
in the remaining position. The total reference dose for the worst-case target 
loading is therefore given by 2(2.0E+4 rem)+ 3. 5E+6 rem= 3. 5E+6 rem . This 
is the value of (MED) in Eqn . 1. 

4.0 CORRECTION FOR ·cHANGE IN SODIUM RELEASE 

The R3 systems are a new potential release path for sodium during an 
HCDA. The FSAR HCDA analysis assumes 300 lb of sodium would be released 
through the seals around head mounted components. The additional pathway 
represented by the planned two R3 systems was very conservatively estimated to 
result in a sodium relea~e of up to an additional 300 lb (Himes, et al. 1997). 
One of 'the effects of an additional amount of sodium being sprayed into 
containment and burned is to increase the pressurization of the containment 
and hence the amount and rate of release from the containment . A conservative 
estimate was made of the effect of the additional sodium burn on the 
radiological release from containment by Van Keuren (Himes, et al. 1997). 
That analysis is summarized here. 

The analysis assumes that 300 lb of sodium is ejected from the R3 
system, mixes uniformly with the air in containment and burns completely. In 
addition, all the heat conducted from . the sodium due to its elevated 
temperature and all of the heat of combustion are used to heat the air in 
containment with no transmission to the walls or structure. The energy 
available from the sodium to heat the air is approximated by · 

.. -

= mass of sodium b~rned (300 lb or 136 kg) 
= heat of combustion of sodium (9 .6E+6 J/kg) 
= Initial temperature of sodium (1000°F or 538°C) 
= initial temperature of air (assumed to be 25°C) 
= specific heat of sodium (1300 J/kg ·°C). 

(2) 

The resulting value of Q is 1.40E+9 J. The maximum temperature increase of 
the air in containment can then be estimated as 
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(3) 

where Mair= mass of air in containment (42,500 m3 x 1.3 kg/m3 
= 5.5E+4 kg) 

cP = specific heat of air (1000 J/kg·°C). -

The resulting maximum increase in air temperature in containment due to 
burning an additional 300 lb of sodium is 25°C. The corresponding increase in 
·containment pressure, Af', is given by 

(4) 

where P; = assumed initial air pressure (14.7 ~sia) 
T. = assumed initial air temperature (25 C or 298 K) _ 
b.t = change in containment air temperature due to additional sodium. 

The resulting change in containment pressure is 1.23 psi. Note that the 
volume of the oxygen consumed in the additional sodium combustion and the 
volume of the combustion products are both negligible compared to the volume 
of the containment and so will not have a significant effect on the change in 
containment pressure. 

In a re-evaluatio~ of the HCDA for the FSAR a 1.84 psi initial peak 
pressure increase in containment was calculated for the ULOF HCDA. The design 
pressure of the containment structure is 10 psig, so an additional increase in 
containment pressure of 1.23 psi will not challenge containment integrity. 
The amount of material released from containment was assumed in the FSAR 
analysis to be proportional to the square root of the gage pressure. The 
fractional increase in the release -•fraction is therefore given by [(1.84 + 
1.23)/1 .84] 112 = 1.29. This is the value of b.RF in Eqn. 1. 

-•• "If# 

5.0 RESULTS 

Give the values of the input parameters developed above, Eqn. 1 can be 
evaluated as follows 

(Dose) NEW 
= 

(Dose) FSAR 

(1.29) [ (3.7E+6rem) (81) + (1.6E+6rem) + (3.SE+6rem)] 
(2. SE+6rem) (76) 

(5) 
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producing a value of 2.07 for the factor by which the HCDA doses would 
increase over those shown in the FSAR. Note that the effects of activation 
products and other radionuclides normally present in the primary sodium 
coolant contained in the additional 300 lb of ejected sodium are negligible 
compared to the other releases in an HCDA (Himes ~t al. 1997}. 

The FSAR HCDA doses were increased by a factor of 2.07 to adjust for the 
additional pressure increase and different core loading associated with the 
proposed new mission. The resulting doses are shown in Table 3.5-1. Note 
that the 2400 m receptor is assumed to be evacuated after 2 hours. 

Table 3.5-1 ~ HCDA dose calculation results 

Location 
FSAR Doses 
(Sv} (rem} 

2400 m 2 hr dose 0.0069 0.69 

7200 m 30 d dose 0.0029 0.29 

Doses Increased 
by 2.07 

(Sv} (rem) 

0.014 1.4 

0.0060 0.60 

The worst-case site boundary receptor (8.7 km south) could _suffer a dose 
about 50% higher than the receptor at 7.2 km east, i.e., 0.0089 Sv, based on 
the respective X/Qs (l.80E-5 s/m3 at 7.2 m east and 2.68E-5 s/m3 at the worst
case site boundary 8.7 km south [Himes et al. 1997]). This result is still 
far below the applicable risk guideline of 0.25 Sv (HNF 1997). An onsite 
receptor at 100 m was not evaluated in the FSAR, and would be exposed to a 
considerable amount of direct shine radiation from the material in containment 
above grade in addition to inhalation and submersion doses from the passing 
plume. The dose at 100 m would be a sens.Hive function of the time history of 
material ejection into containment, leakage rate from containment, and 
evacuation time. This information'is not yet available at this stage of the 
new mission eva)uation. · 

As --can be seen by comparing the terms in Eqn·. 5, about 30% of . .the dose 
increase is due to the additional sodium ejected from the R3 system and the 
consequent additional containment pressurization. The other 70% is due to 
changes in core composition. Nearly all the latter is due to the increase in 
fuel enrichment and the higher number of DFAs in core (81 vs. 76). The effect 
of the tritium and medical isotope targets is small (about 2%) compared to the 
total consequence. 

Toxicological consequences were not evaluated in the FSAR for this 
accident, but an evaluation of a release to containment of a total of 273 kg 
(600 lbs) of sodium under the new conditions was performed in Himes, et al. 
(1997) where it was determined that toxicological consequences were 
insignificant. 
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1 E.1.2 EX-REACTOR ACCIDENTS 
2 
3 
4 A range of accidents related to ex-reactor irradiated fuel and target 
5 handling were postulated to occur outside of the reactor vessel (i.e., ex-
6 reactor). The accident scenarios were selected from the FFTF final safety 
7 analysis report and evaluated using bounding source terms for the higher fuel 
8 enrichment and for the tritium and medical isotope targets. The design 
9 release fraction for tritium targets is specified to be 0.8% provided the 

10 temperature of the target is maintained below the FFTF operating temperature 
11 of 1000°F. The accidents which would lead to the maximum radiological 
12 consequences were selected and maximum source terms for fuel and targets were 
13 used. In addition, two in-containment sodium spill accidents were 
14 re- evaluated to estimate effects of increased fuel enrichment and the presence 
15 of the rapid retrieval systems. The specific analysis is provided in 
16 Attachment E.1.2- 1. Criticality considerations are addressed 
17 Attachment E.1.2- 2. 
18 
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EVALUATION OF SELECTED EX-REACTOR ACCIDENTS RELATED TO THE 
TRITIUM AND MEDICAL ISOTOPE PRODUCTION MISSIONS 

AT THE FAST FLUX TEST FACILITY 

l.o· INTRODUCTION 

A technical input document (TIO) is being prepared by the FFTF Standby 
Project Offic~ Environmental and Safety Analysi~ Team to 1) provide the 
Secretary o_f Energy with necessary information to make a decision on the use 
of the FFTF for interim tritium production and medical isotope production, and 
2) support an Environmental Impact Statement that will be required if FFTF 
receives a favorable decision to prepare for the new missions. A range of 
postulated accidents related to ex-reactor irradiated fuel and target handling 
have .been identified for evaluation using new source terms for the h1gher fuel 
enrichment and for the tritium and medical isotope targets. In addition, two 
in-containment sodium spill accidents are to be re-evaluated to estimate 
effects of increased fuel enrichment and the presence of the Rapid Retrieval 
System. The purpose of this document is to present the methodology and 
results of the evaluations of the selected accidents. The selected ex-reactor 
accidents are: 

a. Seismic event (DBE) during fuel or target assembly° transfer by the 
Bottom Loading Transfer Cask (BLTC) into or out of another ·vessel. The 
irradiated fuel or target assembly is assumed to be deformed during 
movement of the· BlTC along the rails. This accident is to be analyzed 
for maximum releases from a worst-case medical isotope and tritium 
targets, as well as a fuel assembly. 

b. Drop· of a Solid Waste Cask (SWC) while transferring a maximum load of 
seven irradiated fuel assemblies in a Core Component Container (CCC). A 
100% release of fission product gases from all seven fuel assemblies is 
assumed. This accident is also to be analyzed for maximum release from 
six tritium targets and from 361 individual tritium target pins . 

. c. Drop of a CCC containing seven fuel assemblies, six tritium target 
assemblies, or 361 tritium target pins from the SWC into an Interim 
Storage Cask (ISC) coupled with failure of the Cask Loading Station 
(CLS) elevator allowing the CCC and the ISC to fall to the CLS floor. 
This accident produces an intense radiation field which is assumed to 
expose an individual standing at the edge of the CLS. The impact 
limiter on the CLS elevator is assumed to prevent any releases from fuel 
assemblies, but maximum releases are to be assumed for the tritium 
targets or tritium target pins. 
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d. Beyond design basis drop of a maximally loaded Interim Storage Cask 
(ISC). The ISC l_oaded with seven irradiated fuel assemblies is dropped 
from above the analyzed height (4 ft above an unyielding surface). This 
is assumed to damage 100% of the fuel and to damage the CCC and cask so 
as to provide a small escape path. 

e. Hypothetical (non-mechanistic) release from a maximally loaded ISC. The 
accident is a hypothetical disruption which is modelled as~ 
crushing/shearing of the CCC and the seven fuel as~emblies within it and 
the creation of a large release path -out of the cask. · 

f. Large 25000 lb sodium spill to a Heat Transport System (HTS) cell open 
to reactor containment. The source term is based on FSAR operation with 
1% failed fuel. Radiological and toxicological consequences are to be 
evaluated along with sensitivity to the plutonium enrichment and tritium 
concentration. 

g. Failure of the Rapid Retrieval System during a Hypothetical Core 
Disruptive Accident (HCDA). Based on a specified estimate of the amount 
of additional sodium ejected during an HCDA due to the presence of the 
Rapid Retrieval System, the effects on radiological and toxicological 
consequences are to be evaluated. · 

2.0 METHODOLOGY 

This section provides basic information and documentation of methodology 
for the ex-reactor accidents selected for evaluation. Documentation of 
computer codes and data files are contained within the code output files 
associated with each of the accidents listed in Attachments 2 through 8. 

2.1 INVENTORIES AT RISK 

Inventories at risk include irradiated fuel assemblies decayed to I. 4 kW 
and 250 W decay heat ·depending on the accident analyzed as ~ell as the 
irradiated tritium and medical isotope target assemblies. In addition, 
tritium and fission product concentrations in the primary sodium are used for 
the large sodium spill and the HCDA. 

2.1.1 Irradiated Fuel Assemblies 

The driver fuel assemblies for the proposed tritium and medical isotope 
production missions are planned to be bounded by an enrichment of 42% 
(Pu/total heavy metal) and a maximum burnup of 500 effective full power days 
(EFPD). Administrative limits on decay heat per assembly are 1.4 kW for 
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handling by the BLTC and 250 W for insertion into a CCC. Inventories of 
isotopes of concern for atmospheric releases were assembled using the ORIGEN2 
code (Croff 1980) and provided as specified input to this analysis for these 
two decay heat levels. The required decay times were 480 days and 4 .. 6 years, 
respectively. The resulting inventories are shown in Table 2.1-1. The 
relevant portions of the ORIGEN2 output files are shown in Attachment 1. 

Table 2.1-1. Isotopic inventory per assembly for 42% enriched 
driver fuel aged to 1.4 kW and 250 W decay heat 

Inventory Per Assembly (Ci) 
Isotope 1.4 kW 250 .w 

H 3 8.02E+l 6.67E+l 
Kr 85 7.12E+2 5.76E+2 
Sr 90 4.52E+3 4 .18E+3 
y 90 4.52E+3 4 .18E+3 
Tc 99 l.66E+O l.66E+O 
Rul06 6.85E+4 7 .16E+3 
AgllOm 2.25E+2 8.06E+O 
Cdll3m L04E+l 8.92E+O 
Sbl25 2.68E+3 l.18E+3 
Tel25m 6.53E+2 2.87E+2 
I 129 5.52E-3 5.52E-3 

I 

Csl34 4.60E+3 1. 52E'.+3 
Csl37 1. 24E+4 l.15E+4 
Cel44 5.12E+4 2.74E+3 
Prl44m 6 .14E+2 3.29E+l 
Pr:144 5.12E+4 2.74E+3 
Pml47 2.41E+4 1.01E+4 
Sml51 4.81E+2 4 ._69E+2 
Eul54 3.73E+2 2.86E+2 
Eul55 1. 74E+3 1.10E+3 
Pu238 · 2.44E+2 2.50E+2 
Pu239 5.75E+2 5.75E+2 
Pu240 3.30E+2 3.30E+2 
Pu241 8.04E+3 6.87E+3 
Am241 2.47E+2 2.85E+2 
Am242m 2.92E+l 2.87E+l 
Cm242 2.41E+3 3.83E+l 
Cm243 · 7.72E+O . 7 .13E+O 
Cm244 1.35E+O l.19E+O 

A maximum of seven driver fuel assemblies can b~ placed in the Core 
Component Container (CCC) at one time. (Part of a nozzle must be cut off one 
of the assemblies in order to.fit it into the center position of the CCC.) 

3 of 546 



HNF-SD-FF-CN-013 Rev. O 

2.1.2 Tritium Targets 

The detailed performance data for the tritium targets as related to 
tritium retention are classi f ied. However, for purposes of this analysis, an 
unclassified maximum target assembly tritium inventory at discharge was 
specified to be 55 grams. With no credit taken for decay after _discharge, the 
maximum tritium activity per target assembly is then (55 g)(9.64E+3 Ci/g) = 
5.30E+5 Ci. Target assemblies will not be cut in order to fit into the -center 
position of the CCC. A maximum of six target assemblies can therefore be 
placed in the CCC at one time . 

The maximum number of tritium target pins, not in intact assemblies , in a 
transportation cask is 361. This is the number that could be loaded in a 
container comparable to the CCC assuming a hypothetical close- packed pin 
arrangement. 

2.1.3 Medical Isotope Targets 

Maximum i nventories per target assembly of the isotopes to be produced . 
in Long Irradiation Vehicles (LIV) (i.e., in7core assemblies), the Rapid 
Retrieval (R3) System, or in a gas system were determined in order to rank the 
various targets with regard to radiological hazard and to determine the worst
case target for purposes of this analysis. These inventories are maximums for 
either moderated or unmoderated assemblies and are conservatively based on 
filling the available volume with each target material at maximum density. 
Self-shielding effects during the irradiation have been accounted for. Gas 
system inventories are hased on a design target system size based on one liter 
(at STP) of compressed Xenon. The target inventories used in this analysis 
are intended to reflect boundi ng cases based on physical capacity, cost or 
other factors and are not likely to be exceeded. Target characteristics along 
with maximum inventories of the primary product isotopes are shown in Table 
2.1-2 based on preliminary design information supplied by the FFTF pr_oject. 
No credit was taken for decay after end of irradiation. · 
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Table 2. 1- 2. Maximum product inventories in the candidate 
isotope production systems 

Target Target Product Max. Product 
Isotope System Target form Isotope Activity (Ci) 

s 32 R3 Unmoderated S p 32 3.98E+2 
s 32 LIV Unmoderated S p 32 1.85E+5 
s 33 LIV Unmoderated S p 33 5.40E+3 
Ti 47 R3 Unmoderated Ti Sc 47 2.30E+2 
Zn 64 R3 Unmoderated Zn Cu 64 3.69E+2 
Zn 67 R3 Unmoderated ZnO Cu 67 1.40E+l 
Se 74 LIV Moderated Se02 Se 75 1.28E+6 
Sr 84 LIV Moderated SrO Sr 85 L40E+3 
Sr 88 LIV Unmoderated SrO Sr 89 2.00E+4 
Zr 91 LIV Unmoderated Zr y 91 9.89E+l 
Mo 98 R3 · Unmoderated Mo Mo 99 1.40E+4 
Pd102 R3 Moderated Pd Pd103 6.80E+4 
Pd102 · LIV Unmoderated Pd Pdl03 7.54E+S 
Cd108 LIV Unmoderated CdO Cd109 4.00E+5 
Sn116 R3 Moderated Sn Snll 7m 3.70E+4 
Xe124 Gas Line Compressed Xe I 125 2.73E+3 
Xe126 Gas Line Compressed Xe . Xe127 1.02E+3 
Tel30 R3 Unmoderated Te I 131 6.02E+2 
Sm144 LIV Moderated Sm Sml45 6.30E+2 
Sm152 R3 Moderated Sm203 Sml53 . 1.03E+5 

Natural Eu LIV Moderated Eu . Gdl53 9.02E+3 
Ho165 R3 Moderated Ho Ho166 7.00E+3 
Lu176 R3 Moderated Lu203 Lu177 2.24E+S 
Re185 R3 Moderated Re Rel86 1.26E+5 
W 186 LIV Moderated W W 188 3. 28E+4 
Ir191 LIV Unmoderated Ir Irl92 2.00E+6 
Os192 LIV Unmoderated Os Os194 2.64E+l 
Pt195 R3 Unmoderated Pt Ptl95m 5.27E+3 
Au197 R3 Moderated Au Aul98 . 5.90E+3 
Ra226 LIV Moderated RaC1 2 Ac227 2.00E+2 

Th228 2.10E+3 
Th229 1.57E-1 

The target for 153Gd production is natural Europium (47. 77% 151 Eu,. 52 . 23% 
153Eu), and so several byproduct isotopes will be produced along with 53Gd. 
In addition, 226Ra, ·the target material for production of 227Ac, 228Th, and 
229Th, is radioactive and must be accounted for as ~art of the rel ease if the 
target assembly is breached. The target isotope 1 6Lu in the ,nLu production 
target is slightly radioactive with a half-life of 2.2E+l0 y, but has such a 
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low activity (9 .25E-8 Ci/s) that it can be considered stable for J?Urposes of 
this analysis . . It should be noted also that another option for 1 Lu 
production is the use of natural Lutetium (97.40% 175Lu, 2.60% 176Lu). The 
maximum yield of 177Lu for this option would , however, be about a factor of 86 
less than ·the yield using 100% enriched 176Lu as shown in Table 2.1-2. The . 
latter option (shown in Table 2.1-2) is therefore used as the bounding case in 
this safety analysis. Radioactive isotopes in addition to the primary 
production isotopes will therefore be present in the irradiated assemblies 
containing Europium and radium as target material. - The complete radioactive 
inventories for these targets for purposes of calculating release consequences 
are shown in Table 2.1-3. Sel f-shielding effects during th~ irradiation have 
been accounted .for. All the remaining targets shown in Tab1e 2.1-2 will 
contain only the product isotope. 

Table 2.1-3. 

Target 
Isotope 

Post-irrad i ation inventories in the 
europium and radium targets 

· Final Target Inventory 
Isotope Activity (Ci) 

Natural Eu .Gdl53 9.02E+3 
Eul52 9.55E+2 
Eu152m 8.17E+4 
Eul54 l.31E+4 

Ra226 Ra226 2.63E+l 
Ac227 2.00E+2· 
Th228 2. 10E+3 
Th229 l.57E-1 

2.1.4 . Primary Sodium Concentrations 

Primary sodium concentrations were taken from Table ·15.2-10 of the FFTF 
FSAR, which list concentrations for a release from a HTS pip~ failure. ~his 
concentration was assumed for the sodium spill accident. A sodium spill from 
the primary heat transport system could also release cover gas. The cover gas 
activities from Table 15.2-8 of the FFTF FSAR were also assumed to be released 
to the containment. Tritium and Pu concentrations were not given in the FSAR 
Tables. Tritium cortcentrations in the sodium were assumed to be a factor of 
100 higher than measured since the proposed new mission will result in higher 
tritium concentrations. Pu-239 concentrations a factor of 2 higher than the 
measured total alpha activity were also assumed because the enrichment of the 
fuel will approximately double for the new mission. Source data are given in 
Tables 2.1-4 and 2.1-5. 
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Table 2.1-4. Concentration in primary sodium 

Activity/g 
in Sodium 

Isotope (Ci/g) 

Na-22 9.17E-07 
Na-24 2.57E-02 
I-131 2.43E-04 
I-133 4.86E-04 
I-135 4.86E-04 
Cs-134 2.43E-06 
Cs-136 l.70E-05 
Cs-137 7.30E-06 
Ta-182 9.73E-07 
H-3 2.I0E-05 
Pu-239 3.00E-12 

Table 2.1-5. Cover gas activity 

Activity · 
Isotope (Ci) 

Kr-83m 6.90E+02 
Kr-85m I. 94E+03 
Kr-as ·· 3.30E-0l 
Kr-87 l.58E+03 
Kr-88 3 . 18E+03 
Xe-13lm l.30E+03 
Xe-133m 3~02E+02 
Xe-133 6.321+03 
Xe-135 2.28E+04 

2.1.5 Source Inventory For Radiation Exposure 

The isotopic source term for the driver fuel assembly is the inventory 
calculated by the ORIGEN2 Code shown in Attachment 1. The inventory used in 
this case is for the 250 W decay heat assembly (aged 4.6 years), and includes 
the activation products, which are not general·ly subject to release into the 
air, but which will contribute to the direct and scattered radiation. As 
ORIGEN2 is configured, it will calculate the activatiqn products only from the 
core region. However detailed calculations and experimental verification with 
activation foils have produced production numbers for six main activation 
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products (54Mn, 182Ta, 58Co, 6°Co, 59Fe, and 51 Cr). (Westinghouse Hanford letter 
8552975, 1 October 1985, W.L.Bunch to H.J.Goldberg) These isotopes were scaled 
up according to these data. The other ~ctivation product isotopes were 
conservatively scaled in proportion to the largest known scaling factor, that 
of 6°Co. This was the source term used to calculate doses from direct and · 
scattered radiation for the drop of the core component container from the 
solid waste cask accident. 

The driver fuel assembly was judged to be the bounding case for the case 
of direct radiation exposure. Any decrease in the fuel will decrease the 
gamma-ray exposure to a degree that is not compensated for by the addition of 
a tritium or medical isotope target. 

2.2 RECEPTOR DESCRIPTIONS AND X/Q's 

The ex- reactor accidents involving -toxic or radiolo~ical releases are to 
be evaluated for four receptors as follows. 

Onsite worker at 100 min the worst direction 

Receptor at 1.5 miles (2400 m) in the worst direction (control distance) 

Receptor at 4.5 miles (7200 m) east (site boundary - near river bank) 

Receptor at the Hanford site boundary in the.worst direction 

In addition, offsite population doses ·out to a radius of 50 miles are to be 
calculated for the worst sector for radiological releases. 

Atmospheric dispersion coefficients (X/Q') were calculated using the GXQ 
Code (Hey 1994) using 400 Area meteorology data accumulated over the period 
from 1983 to 1991 along with population data based on the 1990 census. Code 
versions and data files used are documented in Attachment 2. 'For accidents 
occurring inside the FFTF, cr~dit was \aken for the effects of building wake 
using the MACCS virtual source building wake correction (Hey .1994) based on an 
estimated effective minimum width and height of 60 m and 20 m, respectiv~ly, 
for the FFTF containment and attached buildings (excluding heat exchangers). 
These effective dimensions are consistent with frevious FFTF accident analyses 
which assumed a minimum cross-section of 1200 m · coupled with a less · 
sophisticated building wake correction. The ISC drop and the hypothetical ISC 
disruption accidents are assumed to take place in the open on the storage pad 
so no credit was taken for building wake. The hypothetical ISC disruption is 
a nonmechanistic beyond design basis accident so 50 percentile meteorology was 
used to determine expected consequences for this accident only. All the other 
ex-reactor accidents were analyzed using 99.5 perc~ntile per sector or 95 
percentile all-sector (whichever is worse) meteorology to determine worst-case 
consequences. Population weighted X/Q's are calculated for each sector by 
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evaluating the sector average X/Q' at 5 mile radial intervals from the release 
point out to a maximum radius of 50 miles (total of 10 intervals). Radial 
i ntervals inside the Hanford site boundary are not included. The X/Q' for 
each .such sector interval is then multiplied by the population contained 
therein. ·A 11 ten population ~ei ghted X/Q' s in each sector are then summed to 
obtain the population weighted X/Q' for that sector. Population doses were 
evaluated for both 99.5 and 50 percentile meteorological conditions. All 
re leases were assumed to occur at ground level. The resulting values for X/Q ' 
are shown in Tables 2. 2-1 through 2.2- 4. GXQ files are listed in Attachment 
2. . 

Table .2.2-1. 99 . 5 percentile X/Q's as functions . of direction for 
100 m and 2400 m with and without building wake (BW) 

X/Q' (s/m3
) without BW ·x;q • (s/m3 ) · with BW 

Sector 100 m 2400 m 100 m 2400 m 

s *3.17E-2* *l.65E-4* 1. 77E-3 *l.23E-4* 
SSW 2.32E-2 1.21E-4 1.47E-3 9.18E-5 

SW 1.46E-2 7.53E-5 1.33E-3 6 .17E-5 
WSW 1.0SE-2. 5.22E-5 l.12E-3 4.27E-5 

w 1. 43E- 2 7.38E-5 1.49E-3 6.23E-5 
WNW 1. 25E-2 6.46E-5 1.38E-3 5. 25E-5 

NW I. 53E-2 7.91E-5 1.38E-3 6.33E-5 
NNW 2.37E-2 1. 24E-4 1. 43E-3 8.31E-5 

N *3.17E-2* *l.65E-4* *I. 78E-3* *l.23E-4* 
NNE 2.62E-2 l.37E-4 1. 62E-3 9.76E-5 

NE 1. 68E-2 · 8.79E-5 1. 59E-3 8.82E-5 
ENE 1.S0E-2 7.75E-5 1.47E-3 6. 59E-5 

E l.73E-2 9.04E-5 1.70E-3 9.55E-5 
ESE 1. 61E-2 8.42E-5 1. 53E-3 8. 27E-5 

SE 2.66E-2 1.39E-4 1. 56E-3 9.66E-5 
SSE 2.56E-2 l.34E-4 1. 58E-3 · 9.60E-5 
All 3.llE-2 1.62E-4 *I. 78E-3* .1.19E-4 
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Table 2.2-2. 99.5 percentile X/Q's as functions of direction for 
the site boundary with and without building wake (BW) 

X/Q' (s/m3
) 

Sector Distance (m) Without BW With BW 

s 8700 *2.90E-5* *2.68E-5* 
SSW 7000 2.82E-5 2.49E-5 

SW 7000 l.67E-5 1. 58E-5 
WSW 13100 3.92E-6 3. 77E-.6 

w 22200 3.61E-6 3.55E-:6 
WNW 36400 1. 83E-6 1.81E-6 

NW 41900 l.65E-6 1.64E-6 
NNW 41900 3.12E-6 3.06E-6 

N 16200 l.32E-5 1. 27E-5 
NNE 13100 1.43E-5 l .34E-5 

NE 9000 l.48E-5 1. 34E-5 
ENE 7600 1. 53E-5 L46E-5 

E 7200 2.03E-5 1.80E-5 
ESE 7500 l.79E-5 1.60E-5 
· SE 8700 2.44E-5 2.21E-5 
SSE 8800 2.32E-5 2. lOE-5 

Table 2.2-3. 50 percentile X/Q's as functions of direction for 100 m, 
2400 m, and the site boundary (no building wake) 

X/Q' (s/m3 ) · Site Boundary 
(s/m3

) Sector 100 m 2400 m Distance (m) X/Q' 

s 2.89E-3 1.46E-5 8700 2.35E-6 
SSW 2.67E-3 1. 26E-5 7000 2.46E-6 

SW 2.83E-3 l.30E-5 7000 . 2.64E-6 
WSW 2.84E-3 1.29E-5 13100 1.05E-6 

w 2.86E-3 l.34E-5 22200 5.40E-7 
WNW 2.86E-3 L36E-5 36400 2.37E-7 

NW 2.97E-3 l.47E-5 41900 2.59E-7 
NNW *4.51E-3* *2.33E-5* 41900 4.74E-7 

N 2.90E-3 l.49E-5 16200 1.06E-6 
NNE 1 .·90E-3 9.64E-6 13100 8.90E-7 

NE 1.89E-3 8.91E-6 9000 1.34E-6 
ENE 2.42E-3 l.14E-5 7600 2.0BE-6 

E 2.87E-3 l.40E-5 7200 2.86E-6 
ESE 2.86E-3 l .39E-5 · 7500 · 2.66E-6 

SE 2.87E-3 l.42E-5 8700 2.23E--6 
SSE 3.41E-3 1. 95E-5 8800 *3.32E-6* 
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Table 2.2-4. Population weighted X/Q's as functions of direction 
for offsite population within 50 mi (80 km) 

· Sector 

s 
SSW 

SW 
WSW 

w 
WNW 

NW 
NNW 

N 
NNE 

NE 
ENE 

E 
ESE 

SE 
SSE 

Sector 
Population 

26053 
6982 

10363 
28879 
26415 

5787 
3076 
2945 _ 

18742 
11095 · 
3453 
3649 
2800 
3038 

51194 
78757 

99.5% X/Q' 
(person· s/m3

) 

1. 99E-2 
7.0lE-3 
4.79E-3 
5.65E-3 
5.67E-3 
i..04E-3 
7.44E-4 
7.92E-4 
6.14E-3 
4.36E-3 
l.83E-3 
2.l0E-3 
1.68£-3 
1. 58E-3 
3.46E-2 

*6.26E-2* 

50% X/Q' 
(person· s/m3

) 

2.60E-3 
1.19E-3 
9.15E-4 
l.71E-3 
1. 23E-3 
2.76E-4 
1. 55E-4 
2.02E-4 
7.67E-4 
5.37E-4 
2.22E-4 
3.50E-4 
3.07E-4 
2.85E-4 
6.24E-3 

*l. 31E-2* 

The resulting worst-case X/Q's used in this analysis are shown in Table 2.2-5. 

Table 2.2-5 . X/Q'~ used for the FFTF ex-core accident analyses 

XLQ' (sLm3
} 

99.5% 99.5% 50% 
Recep_tor No BW With BW No BW 

100 m 3.17E-2 1. 78E-3 4.51E-3 
, 

(S,N) (N) (NNW) 

2400 m 1.65E-4 1. 23E..:4 2.33E-5 
( 1. 5 mi) (S,N) (S,N) (NNW) 

, 7200 m E 2.03E-5 l.80E-5 2.86E-6 
(4.5 mi) (E) (E) ( E) 

Site 2.90E-5 2.68E-5 3.32E-6 
Boundary (8 .7 km S) (8.7 km S) (8.8 km SSE) 

Population 
Within 50 mi 6.26E-2 l.31E-2 
(person·sim3

) (SSE) (SSE) 
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Ingestion doses were calculated for information only since (a) any measurable 
contamination of agricultural land due to a radiological accident at Hanford 
would cause immediate evacuatjon of people and interdiction of crops, meat, 
milk, etc. so that the ingestion dose does not represent a realistic exposure 
pathway; and (b) any actual doses to the public from such a pathway would be 
largely determined not by the severity of the accident itself, but by the 
effectiveness ~f recovery actions taken after the accident. 

Ingestion doses are reported here for two scenarios: a winter scenario 
in which it .is assumed that the passing contamination falls on bare soil and 
the potential doses represent the result of crop uptake from the soil over the 
next 50 years; and an autumn (worst case) scenario where, in addition to 
producing soil contamination, the airborne contamination is assumed to fall on 
crops which are about to be harves.ted for humari and animal consumption. In 
both cases the effects of meat, milk, and egg consumption are includeq, as 
well as direct shine radiation to a resident from soil contamination and 
internal exposure due to inadvertent soil ingestion. The ingestion pathway 
receptor (IPR) for this case is at the same location as the worst-case site 
boundary receptor. The IPR is assumed to grow his own food, including a 
variety of crops, meat and dairy products, reside at his location 
continuously, and to be exposed to direct radiation due to ground 
contamination while working in his fields for a period of 50 years following ) 
the accident. No credit is taken for uncontaminated foodstuffs brought in 
from outside the area. Details of the modeling are described by Napier, et 
al. (1988). 

For the accident consisting of a drop of the CCC from a SWC into the CLS 
' elevator, the radiation exposure receptor is specified to be at the edge of 
the CLS elevator at the level of the floor. After the drop, the top of the 
assembly is eighteen feet below the feet of the receptor. The receptor is 
specified to remain at the edge of the elevator hole for a period of five 
seconds after which the receptor retreats from the edge at a speed of four 
miles per hour (a fast walk). 

3.0 ACCIDENT ANALYSES 

The following accidents were analyzed in the FFTF FSAR (HEDL-TI-75001, 
Fast Flux Test Facility Final Safety Analysis Report), and are to be re
evaluated (as appropriate) for the new source terms for driver fuel, tritium 
targets and medical isotope targets as part of the overall evaluation of the 
proposed tritium and medical isotope-production missions. 
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3.1 SEISMIC EVENT (DBE) DURING FUEL OR TARGET ASSEMBLY TRANSFER 

The maximum decay heat permitted for a fuel assembly to be inserted into 
the Bottom Loading Transfer Cask (BLTC) is 1.4 kW because the thermal 
ch~racteristics of a 1.4 kW assembly in the BLTC have been shciwn to protect 
the assembly from temperatures that are expected to lead to cladding failure 
regardless of configuration. In addition, the BLTC is qualified to protect an 
assembly from breach of cladding during a DBE as long as the assembly is fully 
contained within the BLTC. If, however, a fuel or target assembly is being 
transferred into or out of another vessel when a DBE occurs, a potential for 
damage to the assembly exists. This event is much less likely than the DBE 
due to the small fraction of time spent in transfer from one vessel to 
another. The frequency of this event is specified to be in the range l.0E-4 
to l.0E-6/y (extremely unlikely category). 

3.1.1 Scenario 

The BLTC is designed to remain upright during a DBE at all transfer 
locations. It is possible, however, that the BLTC could move along the 
supporting rails during such an event and produce a shearing/crushing impact 
on an assembly being transferred through the interface between the BLTC and 
the top of the other vessel or a floor valve. Such an impact could deform a 
fuel or target assembly and possibly cause breaches i~ some of the fuel or 
target pins. Failure of fuel pin cladding is not predicted by analysis; 
however the following assumptions were made in the FSAR and are specified for 
this re- evaluation of a fuel assembly . 

• The decay heat of the assembly is the maximum of 1.4 kW. 

• The fuel region of the assembly is in the transfer interface such that .the 
fuel could be damaged . 

• 5% of the fuel pins are assumed to lose cladding integrity: 

• Release fractions are 1.0 for noble gases, 0.5 for halbge~s, and 0.05 for 
volatile solids . 

• The release fraction for transuranics and nonvolatile solids is determined 
as follows: 5% of the fuel in the column is crushed and 5% of the crushed 
fuel is of respirable size(~ 10 µm). A suspens1on and release fraction of 
1% is assumed for the respirable particles, i.e., 1% is released from the 
BLTC and from containment or the reactor service building (RSB). 

• A 50% plateout fraction ·is assumed for halogens. 

• No containment · isolation is assumed and the release is assumed to occur at 
ground level . 
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Since the tritium and medical isotope target assemblies have not been 
structurally analyzed for this type of impact event, all the target assembly 
rods are assumed to breach. No credible scenario has been' identified which 
could produce temperatures high enough to vaporize target material or release 
material from a getter. The decay heat of the tritium target is low (less 
than 350 W), and no credible fire scenario for handling accidents inside the 
facility has been identified. 

3.1.2 Source Term Analysis 

The releases calculated here are considered to be very conservative 
bounding values assuming no sustained high heat source. Since only one 
assembly can be accommodated by the BLTC, the maximum release for this 
accident is from one fuel or target assembly only. 

3.1.2.1 Driver Fuel Source Term. In accordance with the specified release 
assumptions shown in Section 3.1.1, net release fractions for the various 
inventory components for a driver fuel assembly were developed as follows. 
Tritium is conservatively assumed to be in the form of tritiated water vapor 
and is treated as ·a gas in this analysis. 

Gases (G) 

Halogens (H) 

Fraction of pins breached 
Release from breached pins 

Net release 

Fraction of pins breached 
Release from breached pins 
Plateout 

Net release 

Volatile Solids (VS) 
Fract i on of pins breached 
Release from breached pins . 

Net release 

Non-volatile Solids (NVS) 
Fraction of ptns breached 
Fraction of fuel column crushed 
Respirable fraction 
Release from containment 

Net release 
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0.05 
1.00 

5.00E-2 

0.05 
0.5 
0.5 

l.25E-2 

0.05 
0.05 

2.50E-3 

0.05 
0.05 
0.05 
0.01 

1. 25E-6 
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These net release fractions were applied to the driver fuel assembly 
inventory for 1.4 kW decay heat shown in Table 2.1-1. The resulting releases 
are shown in Table 3.1-1. 

Table 3.1-1. Net releases for seismic event (DBE) during 
fuel assembly transfer 

Isotope 

H 3 
Kr 85 
Sr 90 
Y 90 
Tc 99 
Rul06 
Agll0m ' 
Cdll3m 
Sbl25 
Tel25m 
I 129 
Csl34 
Csl37 
Cel44 
Prl44m 
Prl44 
Pml47 
Sml51 
Eul54 
Eul55 
Pu238 
Pu239 
Pu240 
Pu241 
Am241 
Am242m 
Cm242 
Cm243 
Cm244 

Class 

G 
G 

NVS 
NVS 
NVS 
NVS 
NVS 
vs · 

NVS 
NVS 
H 
vs 
vs 

NVS 
NVS 
NVS 
NVS 
NVS 
NVS 
NVS 
NVS 
NVS 
NVS 
NVS 
NVS 
NVS 
NVS 
NVS 
NVS 

Inventory per 
Assembly (Ci) 

8.02E+l 
7 .12E+2 
4.52E+3 
4.52E+3 
l.66E+O 
6.85E+4 
2.25E+2 
1.04E+l 
2.68E+3 
6.53E+2 
5.52E-3 
4.60E+3 
l.24E+4 
5.12E+4 
6.14E+2 
5.12E+4 
2.41E+4 
4.81E+2 
3.73E+2 
I. 74E+3 
2.44E+2 
5.75E+2 
3.30E+2 
8.04E+3 
2.47E+2 
2.92E+l 
2.41E+3 
7. 72E+0 
l.35E+0 

Release 
Fraction 

5.00E-2 
5.00E-2 
I. 25E-6 
I. 25E-6 
I. 25E-6 
I. 25E-6 
I. 25E-6 
2.50E-3 
I. 25E-6 . 
I. 25E-6 
l.25E-2 
2.50E-3 
2.50E-3 
I. 25E-6 
I. 25E-6 
I. 25E-6 
I. 25E-6 
I. 25E-6 
I. 25E-6 
1. 25E-6 
l.25E-6 
l.25E-6 
I. 25E-6 
1. 25E-6 
l.25E-6 
1. 25E-6 
l.25E-6 
1.25E-6 
1. 25E-6 

Release 
(Ci) 

4.0IE+0 
3.56E+l 
5.65E-3 
5.65E-3 
2.08E-6 
8.56E-2 
2.81E-4 
2.60E-2 
3.35E-3 
8.16E-4 
6.90E-5 
l.15E+l 
3. l0E+l 
6.40E-2 
7.68E-4 
6.40E-2 
3.0IE-2 
6.0IE-4 
4.66E-4 
2.18E-3 
3.05E-4 
7.19E-4 
4 .13E-4 
l.0lE-2 
3.09E-4 
3.65E-5 
3.0lE-3 
9.65E-6 
1.69E-6 

Since a range of chemical forms exist in irradiated fuel, worst-case 
solubilities (lung clearance classes) were assumed for all the releases shown 
above. This is considered to be a short duration release (i~e., less than 1 
hour). 
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3.1.2.2 Tritium Target Source Term. The specified maximum tritium inventory 
per target assembly is 55 g based on 3 cycles of operation per assembly before 
discharge~ T~is is conservative since the target design can only support two · 
cycles of operation in the inner row core locations. Tritium has a 12.3 year 
half-life so 55 g corresponds to an activity of (55 g)(9.64E+3 Ci/g) = 5.30E+5 
Ci. All the target rods in the assembly are assumed to breach due to the 
bending/shearing impact in this scenario. A cladding breach could release the 
gaseous (i.e., unbound) tritium content of a tritium target rod. Following 
irradiation, most of the tritium in the target rods is expected to be bound to 
the getter and other internal components. In addition, elemental tritium has 
much lower dose consequences than tritiated water vapor (HTO) and oxidizes 
slowly in the environment. Based on sensitive information documented 
elsewhere, the total equivalent release as tritium oxide from a damaged 
tritium target assembly is specified for purposes of this analysis to be 0.8% 
of the total inventory or (5.30E+5 Ci)(0.008) = 4.24E+3 Ci. : This is 
considered to be a short duration release (i.e.; less than 1 hour). 

3.1.2.3 Medical Isotope Target Source Term. Except for ·the 1251 target which 
has a gaseous target material (124Xe), the chemical and physical forms of the 
target material have not been decided upon. The maximum product inventories 
listed in Section 2.1.3 assume the target cladding tubes to be filled with 
target material at the highest density allowed for any of the chemical forms 
being considered in the design ; These are therefore considered bounding 
inventories for safety analysis purposes. Target design loads are still 
evolving and the actual targets could contain less material than assumed here. 
For purposes of estimating a maximum release, the material in these targets is 
assumed to be in the form of powder packed into the cladding tubes. The 
release mechanism is assumed to be breaking or tearing of the cladding tube 
due to impact by a heavy object. The recommended bounding airborne release 
fraction for powder in a can which is broken or torn open due to impact by a 
heavy object is l.OE-3 with a respirable fraction of 0.1 {DOE 1994) for a _net 
respirable release fraction of l.OE-4. The release fraction for the 125 1 gas 
target .was assumed to be 1.0. Although the 226Ra target could'contain as much 
as 200 Ci of 227Ac, this target will be transfered to the IEM cell inside 
containment where it will be disassembled into single .capsul~s containing no 
more than 100 Ci of 227Ac. Only one capsule at a time will be handled outside 
containment. The resulting inventories at risk and corresponding relea~es are 
shown in Table 3.1-2 . 
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Table 3.1-2. Maximum target inventory releases from the 
candidate isotope production systems 

Target Target Product Maximum Maximum 
Isotope System Isotope Activity (Ci) Release (Ci) 

s 32 R3 p 32 3.98E+2 3.98E-2 
s 32 LIV p 32 l.85E+5 1. 85E+l 
s 33 LIV p 33 5.40E+3 5.40E-l 
Ti 47 R3 Sc 47 2.30E+2 2.30E-2 
Zn. 64 R3 Cu 64 3.69E+2 3.69E-2 
Zn 67 R3 Cu 67 1. 40E+l l.40E-3 
Se 74 LIV Se 75 l.28E+6 1. 28E+2 
Sr 84 LIV Sr 85 l.40E+3 l.40E-l 
Sr 88 LIV Sr 89 2.00E+4 2.00E+O 
Zr 91 LIV y 91 9.89E+l 9.89E-3 
Mo 98 R3 Mo 99 l.40E+4 l.40E+O 
Pdl02 R3 Pdl03 6.80E+4 6.80E+O 
Pdl02 LIV Pdl03 7.54E+5 7.54E+l 
Cdl08 LIV Cdl09 4.00E+5 4.00E+l 
Snll6 R3 . Snll7m 3.70E+4 3.70E+O 
Xel24 Gas Line I 125 2.73E+3 2.73E+3 
Xel26 Gas Line Xel27 l.02E+3 1. 02E+3 
Tel30 R3 I 131 6.02E+2 6 .02E-2. 
Sml44 LIV Sml45 6.30E+2 6.30E-2 
Sml52 R3 Sml53 1.03E+5 1.03E+l 

Natural Eu LIV Gdl53 9.02E+3 9.02E-l 
Eul52 9.55E+2 9.55E-2 
Eul52m 8.17E+4 8 . 17E+O 
Eul54 1. 31 E+4 1. 31E+O 

Hol65 R3 Hol66 7.00E+3 7'.00E-1 
Lul76 · R3 Lul77 2.24E+5 2.24E+l 
Rel85 R3 Rel86 l.26E+5 1. 26E+l 
W 186 LIV W 188 3.28E+4 3.28E+O 
Irl91 LIV Irl92 2.00E+6 2.00E+2 
Osl92 LIV Osl94 2.64E+l 2.64E-3 
Ptl95 R3 Ptl95m 5.27E+3 5.27E-l 
Aul97 R3 Aul98 5.90E+3 5.90E-l 

Ra226 LIV Ra226 l.32E+l l.32E-3 
Ac227 l.OOE+2 1.00E-2 
Th228 l.05E+3 l.05E-l 
Th229 7 .85E-2 . 7.85E-6 

These are considered to be short duration releases ( i . e. , less than 1 hour). 
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3.1.3 Consequence Analysis 

Effective Dose Equivalents (EDE) for the source terms developed in . 
Section 3.1.2 were calculated using the GENII Hanford Environmental Radiation 
Dosimetry Software System (Napier et al 1988). These 50-year committed doses 
included the effects of external exposure to the passing plume as well as 
inhalation doses, and were calculated for unit atmospheric dispersion (i.e., 
X/Q' = 1). Tritium is assumed to be in oxide form (i.e., as tritiated water 
vapor) and direct absorption through the skin is accounted for in addition to 
inhalation for purposes of calculating internal dose. In addition, ingestion 
doses (including ground shine) are shown for the worst-case site boundary 
receptor for winter (soil only)· and autumn (soil + crops) scenarios. As 
discussed in Section 2.2, ingestion and ground shine doses do not reflect 
realistic pathways in an accident situation and are given for information 
only: The accident doses for the various receptors (including the worst 
sector population) were then obtained by multiplying the applicable unit 
dispersion dose (i.e., dose per unit X/Q') by the appropriate X/Q'. GENII 
output files for these accidents are shown in Attachment 3. 

3.1.3.l Consequences Of Fuel Assembly Damage. The doses per unit X/Q' for 
the releases shown in Table 3.1-1 are 790 rem·m3/s for inhalation and 7.7 
rem·m3/s for plume submersion for a total dose of 800 rem·m3/s. The 
corresponding winter and autumn ingestion pathway receptor (IPR) doses are 
7.8E+3 rem and 2.7E+5 rem, respectively. Using the appropriate 99.5 
percentile .X/Q's with building wake correction from Table 2.2-5, the receptor 
doses were developed as shown. 

100 m N ==> Dose =· (800 rem·m3 /s) (1. 78E-3 s/m3
) = l.42E+O rem 

2.4 km S,N ==> Dose= (800 rem·m3/s)(l.23E-4 s/m3
) = 9.84E-2 rem 

~-

7.2 km E ==> Dose= (800 rem·m3/s)(l.80E-5 s/m3
) = 1.44E-2 rem 

8.7 km s ==> Dose= (800 rem·m3/s)(2.68E-5 s/m3
) = 2.14E~2 rem 

Pop. SSE ==> Dose= (800 rem·m3/s)(6.26E-2 per·s/m3
) ·= ~.OlE+l per·rem 

IPR 8.7 km S 
Winter==> Dose= (7.8E+3 rem·m3/s)(2.68E-5 s/m3

) = 2.09E-l rem 
Autumn==> Dose= (2.7E+5 rem·m3/s)(2.68E-5 s/m3

) = 7.24E+O rem 

3.1.3.2 Consequences Of Tritium Target Damage. The doses per unit X/Q' for · 
the release of 4.24E+3 Ci of tritium oxide equivalent developed in Section -
3.1.2.2 are 130 rem·m3/s for inhalation (including direct skin· absorption) and 
9.4E-8 rem·m3/s for plume submersion for a total dose .of 130 rem·m3/s. The · 
corresponding winter and autumn ingestion pathway receptor (IPR) doses are 
O.OE+O rem and l.1E+4 rem, respectively. Using the appropriate 99.5 
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percentile X/Q's with building wake c6rrection from Table 2.2-5, the receptor 
doses were developed as shown. 

100 m N ==> Dose= (130 rem ·m3/s)(l.78E-3 s/m3
) = 2.31E-l rem 

2.4 km S,N ==> Dose= (130 rem·.m3/s)(l.23E-4 s/m3 ) = 1. 60E-2 rem 

7 .2 km E ==> Dose= (130 rem·m3/s)(l.80E-5 s/m3
) = 2.34E-3 rem 

8. 7 km s ==> Dose= (130 rem·m3/s)(2.68E-5 s/m3
) = 3.48E-3 rem 

Pop. SSE==> Dose= (130 rem·m3/s)(6.26E-2 per·s/m3
) = 8.14E+O per·rem 

IPR 8.7 km S 
Winter==> Dose= (O.OE+O rem·m3/s)(2.68E-5 s/m3

) = O.OOE+O rem 
Autumn==> Dose= (l.1E+4 rem·m3/s)(2.68E-5 s/m3

) = 2.95E-l rem 

3.1.3.3 . ·consequences Of Medical Isotope Target Damage. Inhalation+ 
submersion doses per unit X/Q' were calculated for each of the product isotope 
releases in order to determine the worst-case target. Note that 32P and 103Pd 
are proposed for production in either the LIV or the R3 System. The higher 
yield LIV cases were calculated using the GENII code and the results ratioed 
b~ the .respective releases to obtain doses . for the R3 cases. In addition, 
1 Xe was conservativeJy modelled as 135Xe for purposes of dose calculations . 
since 127Xe is not in the GENII isotope data files. The resulting doses 
calculated using the GENII code are shown in Table 3.1-3. The corresponding 
GENII files are listed in Attachment 3. 

Table 3.1-3. Doses per unit X/Q' calculated by GENII 
for medical isotop~ target rel~ases 

Inhalation Submersion Dose 
Isotope (rem·m3/s) (rem·m3/s) (rem·m~/s) 

p 32 (R3) 2.lE-1 3.0E-5 2.l_E-1 
p 32 (LIV) 9.9E+l l.4E-2 9.9E+l 
p 33 4.2E-l 3. lE-6 4.2E-l 
Cu 64 3.4E-3 l.6E-3 5.0E-3 
Se 75 3.5E+2 9.2E+O 3.6E+2 
Sr 85 6.9E-2 1. 6E-2 8.4E-2 
Sr 89 3.7E+O 1. lE-3 3.7E+O 
y 91 l.6E-l 1.3E-5 1.6E-l 
Mo 99 · l.8E+O 4.0E-2 l.9E+O 
Pdl03 (R3) 3.6E+O 8.9E-3 3.6E+O 
Pdl03 (LIV) 4.0E+l 9.9E-2 4.0E+l 
Cdl09 1. 5E+3 5.0E-2 1. 5E+3 
Snll7m 5.2E+O 7.6E-2 5.2E+O 
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Inhalation Submersion Dose 
Isotope (rem·m3 /s) (rein·m3/s) (rem·m3/s) 

I 125 2.0E+4 8.8E+O 2.0E+4 
I 131 6.lE-1 4.7E-3 6.lE-1 
Xel27 O.OE+O 4.8E+l 4.8E+l 
Sml53 6.5E+O 9.9E-2 6.6E+O 
Hol66 7.6E-l 4. lE-3 7.6E-l 
Irl92 1. 9E+3 3.7E+l 1. 9E+3 

Gdl53 
Eul52 
Eul52m 
Eul54 1.3E+2 8.9E-l l.4E+2 

Ra226 
Ac227 
Th228 
Th229 3.4E+4 3.lE-5 3.4E+4 

The isotopes shown in Table 3.1-4 are not in the GENII data fi°les so 
inhalation dose conversion factors (EPA 1988) were used to evaluate these 
isotopes by multiplying the releases (Ci) by the dose conversion factors 
(rem/Ci) and the standard light activity breathing rate of 3.3E-4 m3/s. The 
resulting doses are sho~n in Table 3.1-4. 

Table ·3.l-4. Doses per unit X/Q' calculated by using 
dose conversion factors (EPA 1988) 

Isotope 

Sc 47 
Cu 67 
Sml45 
Lul77 
Rel86 
W 188 
Osl94 
Ptl95m 
Aul98 

.Dose 
DCF (rem/Ci) Release (Ci) (rem·m3/s) 

l.84E+3 
2.77E+2 
l.10E+4 
2.45E+3 
3.20E+3 · 
4 .11E+3 
6.70E+5 
1. 22E+3 
3.28E+3 

2.30E-2 
1.40E-3 
6.30E-2 
2.24E+l 
1. 26E+l 
3.28E+O 
2.64E-3 
5.27E-l 
5.90E-l 
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The highest dose is from the 227Ac (plus 228Th and 229ThJ LIV production target. 
The highest dose from the R3 system occurs with the 12 I production target due 
to the higher release fraction for the gas target material. Note · that, except 
for the natural Eu target material, the target elements shown in Table 3.1-2 
are planned to be enriched in the isotope shown. There will, however, be 
residual amounts of other isotopes of that element which will produce 
"impurity 11 isotopes in the irradiated target such ~s the ones shown for 
natural Eu. Nearly all of the targets shown in Tables 3.1-3 and 3.1-4 would 
have accident consequences hundreds of times less than those for the 227Ac or 
125 ! targets. It is highly doubtful, therefore, that an impurity isotope 
could be produced with sufficient hazard and in sufficient quantity in any of 
these targets to displace the 227Ac target from its position as worst-case in 
terms of accident consequence. 

The corresponding winter and autumn ingestion pathway receptor (IPR) doses are 
l.7E+4 rem and l.9E+7 rem, respectively for the release of 2.73E+3 Ci of 125 1. · 
The IPR doses for the 227Ac production target are roughly three orders of 
magnitude less. The 125 1 production target is therefore shown as the worst 
case with respect to ingestion dodes. Using the appropriate 99.5 percentile 
X/Q 1 s with building wake correction from Table 2.2-5 the receptor doses for 
the 125 1 target were developed as shown . 

100 m N ==> Dose= (3.4E+4 rem·m3/s)(l . 78E-3 s/m3
) = 6.05E+l rem 

2.4 km S,N ==> Dose = (3.4E+4 rem·m3/s)(l.23E-4 s/m3
) = 4.18E+0 rem 

7.2 km E ==> Dose = (3.4E+4 rem·m3/s)(l.80E-5 s/m3
) = 6.12E-1 rem 

8.7 km s ==> Dose= (3.4E+4 rem·m3/s)(2.68E-5 s/m3
) = 9. llE-1 rem. 

Pop . SSE ==> Dose = (3.4E+4 rem·m3/s)(6.26E-2 per·s/m3
) 

= 2.13E+3 per·rem 

IPR 8.7 km S 
(1. 7E+4 rem·m3 /s)(2.68E-5 s/m3

) Winter==> Dose = = 4.56E-l rem 
Autumn==> Dose = (l.9E+7 rem·m3/s)(2.68E-5 s/m3

) = 5.09E+2 rem 

It is very doubtful that the drop of a target assembly from the BLTC (for 
example, into the T-3 cask) could produce as much damage as is assumed here 
for the seismic accident. It is considered, therefore, that consequences of 
the seismic event would bound consequences for a loading accident, such as a 
drop of the target from the BLTC into the T-3 cask . 
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3.1.4 Comparison To Guidelines 

. Consequence analysis results for the Seismic Event (DBE) During Fuel or 
Target Assembly Transfer were compared to risk guidelines given in HNF-PR0-
514, Rev ·o (HNF 1997) for accidents in the extremely unlikely frequency 
category with the results shown in Table 3.1-5. Note .that no risk guidelines 
are given for th·e 2.4 km receptor, population doses, or ingestion doses. IPR 
doses do not represent a realistic pathway and so are not included in Table 
3.1-5. 

Table 3.1-5. Comparison of doses to risk guidelines for seismic 
event during fuel or target assembly transfer 

Doses 2 mSv {rem) Risk 
Fuel Tritium Med. Isotope Guideline 

Receptor Assembly Target Target mSv (rem) 

100 m 1. 4E+l 2.3E+O 6 .1E+2 1000 
(N) ( 1. 4E+O) .(2. 3E-l) (6.lE+l) (100) 

2.4 km 9.8E-l l.6E-l 4.2E+l 
(S,N) (9.8E-2) (l.6E-2) (4.2E+O) (--) 

7 .2 km 1. 4E-l 2.3E-2 . 6. lE+O 250 . 
(E) (1.4E-2) (2.3E-3) (6.lE-1) (25) 

8. 7 km 2.lE-1 3.5E-2 9. lE+O 250 
(S) (2.IE-2) (3.5E-3) (9. lE-1) (25) 

Population 0.50 per·Sv 0.081 per·Sv 21 per·Sv 
(SSE) (50 per·rem) (8.1 per·rem) (2100 per·rem) (--) 

Both onsite and offsite individual . receptor doses are well within 
guidelines. 

3.2 DROP OF THE SOLID WASTE CASK (SWC) 

risk 

The Solid Waste Cask (SWC) is used to transfer a maximum of seven 
irradiated fuel assemblies in a Core Component Container (CCC). 
Administrative controls limit each fuel assembly in the CCC to a maximum decay 
heat of 250 W, and limit the total decay heat load in the CCC to 1500 W. 
Anytime the SWC contains fuel, it is administratively controlled to a maximum 
lift height of 5 feet. For this analysis it is specified that the CCC can 
also be loaded with a maximum of six irradiated tritium target assemblies. 
The frequency of this event is specified to be in the range l.OE-2 to l.OE-4/y 

( 

(unlikely ·category). ~ 

22 of 546 



HNF-SO-FF-CN-013 Rev. 0 

3.2.1 Scenario 

The SWC is assumed to be dropped from the maximum permitted height with 
a ·full load of either seven irradiated fuel assemblies or six irradiated 
tritium target assemblies. As a limiting case, the impact is assumed to cause 
100% of the pins in the SWC to fail so as to release any gases present. No 
particulates are expected to be released. Even though the CCC is not expected 
to leak in this accident, it -is further assumed that 100% of the gas released 
into the interior of the CCC is released into the SWC and thence to the 
environment through failed seals. 

Since the tritium target assemblies have not been structurally analyzed 
for this type of impact event, all the target assembly rods in the six tritium 
target~ are assumed to breach for purposes of this analysis. As previously 
discussed in Section 3.1.1, no credible heat source has been identified that 
could vaporize target material or release material from a getter. 

3.2.2 Source Term Analysis 

3.2.2.1 Driver Fuel Source Term. For conservatism, it is assumed for this 
analysis thai all seven of the fuel assemblies in the CCC have decay heats of 
250 W, even though administrative controls limit total decay heat in CCC to 
1500 W. · Tritium is conservatively assumed to be in the form of tritiated 
water vapor and is treated as a gas in this analysis . . The only noble gas 
remaining in any significant quantity after decay to 250 W decay power is 
85Kr. As shown for 250 W decay heat fuel assemblies (aged 4.6 y) in 
Attachment 1, the 3H and 85Kr inventories per assembly are 66.7 Ci and 576 Ci, 
respectively. The total inventory for seven assemblies is therefore 4.67E+2 · 
Ci of 3H and 4.03E+3 Ci of ~Kr. 100% of these isotopes are assumed to be 
rele~sed from the · swc. 

3.2.2.2. Tritium Target Source Term. The specified maximum t~itium inventory 
per target assembly is 55 g based on 3 cycles of operation per assembly before 
discharge. This is conservative since the target design can only support two 
cycles or operation in the inner row core locations. Tritium has a 12.3 year 
half-life so 55 g corresponds to an activity of (55 g)(9.64E+3 Ci/g) = 5.30E+5 
Ci. All the target rods in each of the assemblies are assumed to breach due 
to the impact shock. As discussed in Section 2.1.2, a maximum of six tritium 
target assemblies can be physically loaded into the CCC. 

A cladding breach could release the gaseous (i.e., unbound) tritium 
content of a tritium target rod. Following irradiatio~, most of the tritium 
in the target rods is expected to be bound to the getter and other internal 
components. The total equivalent release as tritium oxide from a damaged 
tritium target assembly is specified to be 0.8% of the total inventory or 
(5.30E+5 Ci)(0.008) = 4.24E+3 Ci. For six assemblies the total release would 
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be 2.54E+4 Ci. 100% of this amount of tritium is assumed to be released from 
the SWC in the form of tritiated water vapor. This is considered to be a 
short duration release (i.e., less than 1 hour). 

3.2.3 Consequence Analysis 

Effective Dose Equivalents (EDE) for the source terms developed in 
Section 3~2.2 were calculated using the GENII ·Hanford Environmental Radiation 
Dosimetry Software System (Napier et al 1988). These 50-year committed doses 
included the effects of external exposure to the passing plume as well as 
inhalation doses, and were calculated for unit atmospheric dispersion (i.e., 
X/Q' = 1) . . Tritium is assumed to be in oxide form (i.e., as tritiated -water 
vapor) and direct absorption through the skin is accounted for in addition to 
inhalation for purposes of calculating internal dose. In addition, ingestion 
doses (including ground shine) are shown for the worst-case site boundary 
receptor for winter (soil only) and autumn -(soil+ crops) scenarios. As 
discussed in Section 2.2, ingestion and ground shine doses do not reflect 
realistic pathways in an accident situation and are given for information 
only. The accident doses for the various receptors (including the worst 
sector population) were then obtained by multiplying the applicable unit 
dispersion dose (i.e., dose per unit X/Q') by the appropriate X/Q'. 

3.2.3.1 Consequences Of Drop With Fuel Assemblies. The dose per unit X/Q' 
for the release developed in Section 3.2.2.1 for seven fuel assemblies is 17 
rem·m3/s including 2.3 rem·m3/s for plume submersion due to the 85Kr . . The 
inhalation dose for 85Kr is negligible. The corresponding winter and autumn 
ingestion pathway recept'or (IPR) doses are O.OE+O rem and 1.3E+3 rem, 
respectively. The GENII output files for this case is shown in Attachment 4. · 
Using the appropriate 99.5 percentile X/Q's with building wake correction from 
Table 2.2-5, the receptor doses were developed as shown. · 

100 m N ==> Dose = (17 rem·m3/s)(l.78E-3 s/m3
) = 3.03E-2 rem 

2.4 km S,N ==> Dose = (17 rem·m3/s)(l.23E-4 s/m3
) = 2.09E-3 rem 

7.2 km E ==> Dose= (17 rem·m3/s)(l.80E-5 s/m3
) = 3.06(-4 rem 

8.7 km s ==> Dose = (17 rem·m3/s)(2.68E-5 s/m3
) = 4.56E-4 rem 

Pop. SSE ==> Dose = (17 rem·m3/s)(6.26E-2 per·s/m3
) = l.06E+O per·rem 

IPR 8.7 km S 
(O.OE+O rem·m3/s)(2.68E-5 s/m3

) Winter ==> Dose = = O.OOE+O rem 
Autumn ==> Dose = ( 1. 3E+3 rem ·m3 /s )(2. 68E-5 s/m3

) = 3.48E-2 rem 
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3.2.3.2 Consequences Of Drop With Tritium Targets. The doses per unit X/Q' 
for the release of 4.24E+3 Ci of tritium oxide equivalent from one target 
assembly developed in Section 3.1.2.2 for the seismic event are 130 rem·m3/s 
for inhalation (including direct skin absorption) and 9.4E-8 rem·m3/s for · 
plume submersion for a total dose of 130 rem·m3/s. The corresponding winter 
and autumn ingestion pathway receptor (IPR) doses are O.OE+O rem and l.1E+4 
rem, respectively. Since the release per target assembly developed for the 
SWC drop in Section 3.2.2.2 is equal to that previously developed for the 
seismic release, the dose per unit X/Q' for one target assembly was multiplied 
by 6 to account for the six tritium target assemblies damaged during the SWC 

·drop. Using the appropriate 99.5 percentile X/Q's with building wake 
correction from Table 2.2-5, the receptor doses were developed as shown. 

100 m N ==> Dose= (130 rem·m3is)(l.78E-3 s/m3)(6) = l.39E+O rem 

2.4 km S,N ==> Dose= (130 rem·m3/s)(l.23E-4 s/m3)(6) = 9.59E-2 rem 

7 .2 km E ==> Dose= (130 rem·m3/s)(l .80E-5 s/m3)(6) = · L40E-2 rem 

8. 7 km s ==> Dose= (130 rem ·.m3 /s )(2 . 68E-5 s/m3)(6) = 2.09E-2 rem 

Pop. SSE ==> Dose= (130 rem·m3/s)(6.26E-2 per·s/m3)(6) 
= 4.88E+l per·rem 

IPR 8. 7 km S 
Winter==> Dose~ (O.OE+O rem·m3/s)(2.68E-5 s/m3)(6) = O.OOE+O rem 
Autumn==> Dose= (l.1E+4 rem·m3/s)(2.68E-5 s/m3)(6) = l.77E+O rem 

The maximum number of tritium target pins in a transportation cask is 
361. This is the number that could by loaded in a container comparable to the 
·core Component Container (CCC) assuming a hypothetical close-packed pin 
arrangement. The actual number of pins would be less since a pin basket would 
occupy some space. The bounding transportation accident woul~ be one in which 
all of the tritium pins were breached. Since 361 pins corresponds to 19 
target assemblies, the consequences of the maximum transpor~ation accident in 
the 400 Area would by 19 times the doses for one assembly as follows. 

100 m N ==> Dose= (130 rem·m3/s)(l.78E-3 s/m3)(19) = 4.40E+O rem 

2.4 km S,N ==> Dose= (130 rem·m3/s)(l.23E-4 s/m3)(19) = 3.04E-l rem 

7.2 km E ==> Dose= (130 rem·m3/s)(l.80E-5 s/m3)(19) = 4.45E-2 rem 

8.7 km s ==> Dose= (130 rem·m3/s)(2.68E-5 s/m3)(19) = 6.62E-2 rem 
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Pop. SSE=~> Dose= (130 rem·m3/s)(6.26E-2 per·s/m3)(19) 
= l.55E+2 per·rem 

IPR 8.7 km S 
Winter==> Dose= (O.OE+O rem·m3/s)(2.68E-5 s/m3)(19) = O.OOE+O rem 
Autumn==> Dose= (l.1E+4 rem·m3/s)(2.68E-5 s/m3)(19) = 5.60E+O rem 

3.2.4 Comparison To Guidelines 

Consequence analysis results for the Drop of the Solid Waste Cask were 
compared to risk guidelines given in HNF-PR0-514, Rev O (HNF 1997) for 
accidents in the unlikely frequency category with the results shown in Table 
3.2-1. Note that no risk guidelines are given for the 2.4 km receptor, 
population doses, or ingestion doses. IPR doses do not represent a realistic 
pathway and so are not included in Table 3.2-1. 

Table 3.2-1. Comparison of doses to risk guidelines 
for drop of solid waste cask or accident 
involving tritium target transportation cask 

Doses 1 mSv (rem} Risk 
Fuel 6 Tritium 19 Tritium Guideline 

Receptor Assemblies Targets Targets mSv (rem) 

100 m 3.0E-1 l.4E+l 4.4E+l 250 
(N) (3.bE-2) ( 1. 4E+O) (4.4E+O) (25) 

2.4 km 2.lE-2 9.6E-l 3.0E+O 
(S,N) (2.lE-3) (9.6E-2) (3.0E-1) (--) 

7.2 km 3. lE-3 L4E-l 4.5E-l 50 
(E) (3.lE-4) (l.4E-2) (4.5E-2) (5) 

8. 7 km 4.6E-3 2.lE-1 6.6E-l 50 
(S) (4.6E-4) (2.lE-2) (6.6E-2) (5) 

Population 0.011 per·Sv 0.49 per·Sv 1.6_ per·Sv 
(SSE) (1.1 per·rem) (49 per·rem) (160 per·rem) (--) 

Both onsite and offsite individual receptor doses are well within risk 
guidelines. The tritium target doses shown above in the fourth column, for a 
transportation accident inside the 400 Area, are also well within the risk 
guidelines for the unlikely frequency category (l.OE-2 to l.OE-4/y). 
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3.3 DROP OF CORE COMPONENT CONTAINER FROM THE SOLID WASTE CASK 

In this accident, an estimate of direct radiation dose to a worker at 
the cask loading station (CLS) very close to the exposed CCC is required in 
addition to the usual atmospheric plume exposures to receptors at and beyond 
100 m. The fuel assemblies are specified to remain intact with no releases 
due to the effect of the impact limiter on the CLS elevator. Tritium target 
assembly releases are to be evaluated assuming a 100% failure of the target 
pins. The tritium releases and associated consequences are identical to those 
developed for six tritium target assemblies for the .case of the SWC Drop in 
section 3. 2, but will be described in this section also for completeness. The 
frequency of this event is specified to be in the range l.OE-2 to l.OE-4/y 
(unlikely category). 

3.3.1 Scenario Development 

If the CCC were to be dropped from the SWC, at its maximum height, into 
the ISC for any reason, the CLS elevator that supports the ISC could fail. 
The ISC and the CCC could then fall to the CLS floor. The CLS floor would 
absorb the impact and the impact limiter on the CLS elevator would limit the 
loads such that no release of radioactive material has been calculated to 
occur from a driver fuel assembly. However, since the ISC closure plug would 
not be installed at the time of the drop, an intense radiation field would 
·result. The radiation would, however, be restricted to a vertical beam by the 
bore· of the ISC. The closest individual is specified to be standing at the 
edge of the CLS .. Following a delay of five seconds, this receptor is assumed 
to walk away from the edge of the CLS rapidly (four m~les per hour) . 

Since the tritium target assemblies have not been structurally analyzed 
for their ability to withstand the shock of being dropped in this manner, all 
the target pins in the tritiu~ targets in the CCC were assumed to fail. 

3.3.2 Source Term Analysis 

3.3.2.1 Source For Direct Radiation Exposure. The isotopic inventories 
tabulated in Attachment 1 were input to the ISOSHLD Code (Engel, et. al. 1996, 
Simmons, et. al. 1967, Rittmann 1995) in two separate runs. The activation 
product ·spectrum was calculated using a matrix of steel while the fission 
products and actinides along with their progeny were in a matrix of U02 • Thus 
each of the two bremsstrahlung sources generated reflects the spectrum of the 
appropriate matrix. Note that the direct radiation source term includes 
activation products in the fuel assembly above and below the fueled region. 
In addition, the activation outside-the fueled region included the effects of 
changes in the neutron spectrum outside the core (see letter, W. l. Bunch to 
H. J. Goldberg, "FFTF Hardware Activation," dated Oct. 1, 1985 reproduced in 
Attachment 5). The resulting photon spectrum from one driver fuel assembly is 
shown in Table 3.3-1. 
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Table 3.3-1. Photon spectrum from one assembly by energy group 

En_ergy Photons per Energy Photons per -
(MEV) Second (MEV) Second 

0.015 3.93E+l3 0.025 2.78E+l3 
0.035 2.07E+l3 0.045 l.30E+l3 
0.055 7.l8E+l2 0.065 5.30E+l2 
0.075 4.20E+l2 0.085 8.32[+12 
0.095 3.28E+l2 0.15 2.76E+l3 

·0.25 7.36E+l2 0.35 3.57E+l2 
0.475 l.85E+l3 0.65 1.06E+l4 
0.825 l.87E+l3 l 2.18E+l2 
1.225 l.06E+l3 1.475 l.12E+l2 

--- 1. 7 5.94E+l0 1.9 3.12E+l0 
2.1 l.85E+ll 2.3 7.84E+09 
2.5 3.52E+09 2.7 1.41[+09 
3 6.02E+08 3.6 3.96[+07 
5 9.85E+04 7 1.12E+04 
11 l.28E+03 Total 3.25E+14 

The last three energy groups are neither gamma-ray emissions from the 
isotopes nor bremsstrahlung, but are the gamma-rays emitted from spontaneous 
emission and were taken from the output of ORIGEN2 shown in Attachment l. 
Neutron radiation was judged to be negligible and thus not included in this 
analysis. · 

The combined spectra ·obtained from the ISOSHLD runs were used as a 
source for the computer codes Microshield and Microskyshine1

• The source was 
modeled as a cylinder in Microshield with the entire driver fuel assembly 
homogenized, i.e. all of the material in the assembly was assumed to be 
uniformly distributed throughout the entire volume. This is a conservative · 
assumption in a shielding calculation with the dose point _above the end of the 
cylinder. The code files and documentation associated with the various 
computer programs used in the above analysis are listed in Attachment 5. 

3.3.2.2 Tritium Target Source Term . . The specified maximum tritium inventory 
per target assembly is 55 g based on 3 cycles of operation per assembly before 
discharge. · Tritium has a 12.3 year half-life so ~5 g corresponds to an 
activity of (55 g)(9.64E+3 Ci/g} = 5.30E+5 Ci. All the target pins in each of 
the assemblies are assumed to breach due to the impact shock. As ~iscussed in 
Section 2.1.2, a maximum of six tritium target assemblies can be physically 
loaded into the CCC. 

Microshield and Microskyshin~ are copyrighted by Grove Engineering, Inc. 
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A cladding breach could release the gaseous (i.e., unbound) tritium 
content of a tritium target pin. Following irradiation, most of the tritium 
in the target pins is expected to be bound to the getter and other internal 
components. The total equivalent release as tritium oxide rrom a damaged 
tritium target assembly is specified to be 0.8% of the total inventory or 
(5.30E+5 Ci)(0.008) = 4.24E+3 Ci. For six assemblies the total release would 
be 2.54E+4 Ci. 100% of this amount of tritium was assumed to be released from 
the CCC in the form of tritiated water vapor. This is considered to be a 
short duration release (i.e . , less than 1 hour). 

3.3.3 Consequence Analysis 

3.3.3.l Doses From Direct and Scattered Radiation. The dose rate from 
direct exposure above the top of the CCC with seven assemblies inside was 
calculated to be 74.8 rem/hr using ISOSHLD. With a stay ,time of five seconds, 
the dose received would be 0.104 rem. In addition to this exposure, the 
receptor would be exposed to skyshine. The same spectrum used in ISOSHLD was 
input into Microskyshine to determine the dose rate as the receptor retreats • 
from the edge of the CLS. The spectrum was truncated at an energy of .1 MEV, 
since the model is not applicable to energies below this value . . The dose due 
to exposure to neutrons produced by spontaneous fission was judged to be 
negligible. The dose rate due to air-scattered radiation at the edge of the 
elevator was calculated to be 0.39 rem/hr. This would add 5.4 x 10-4 rem to 
the dose received during the five second response time. 

The receptor then retreats from the elevator at a speed, v, of four 
miles per hour (179 cm/s~c). Microskyshine was rerun for various distances 
from the edge. The results closely approximated a linear falloff when plotted 
on a semilog graph indicating an exponential decrease of dose rate with 
distance from the edge. The total dose received was then conservatively 
calculated by integrating along a path from the edge to infinite distance as 
shown below using a best fitµ= 0.000807 cm- 1

• · 

D. = JD dt = J D0E-11r dt = J D0 E-µvt dt 
0 0 0 

iJ . - b 
D = __ o [ e-µvt] =-o 

µv o µv 

This adds 7.5 x 10-4 rem to the dose received, producing a total estimated 
dose received by the receptor of 0.105 rem. 
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3.3.3.2 Consequences Of Drop With Tritium Targets. The doses per unit X/Q' 
for the release of 4.24E+3 Ci of tritium oxide equivalent from one target 
assembly developed in Section 3.1.2.2 for the seismic event are 130 rem·m3/s 
for inhalation (including direct skin absorption) and 9.4E-8 rem·m3/s for 
plume submersion for a total dose of 130 rem·m3/s. Since the release per 
target assembly developed for the CCC drop in Section 3.3.2.2 is equal to that 
previously developed fof the seismic release, the dose per unit X/Q' for one 
target assembly was multiplied by 6 to account for the six tritium target 
assemblies damaged during the CCC drop and multiplied by 19 to extend the 
calculation to a CCC close-packed with tritium target pins. Using the 
appropriate . 99.5 percentile X/Q's with building wake correction from Table 
2.2-5, the receptor doses were developed as shown. 

100 m N ==> Dose= (130 rem·m3/s)(l.78E-3 s/m3){6) = l.39E+O rem 

2.4 · km S,N ==> Dose= (130 rem·m3/s)(l.23E-4 s/m3)(6) = ~.59E-2 rem 

7.2 km E ==> Dose= (130 rem·m3/s)(l.80E~s s/m3)(6) = l.40E-2 rem 

8.7 km s ==> Dose= .(130 rem·m3/s)(2.68E-5 s/m3)(6) = 2.09E-2 rem 

Pop. SSE==> Dose= (130 rem·m3/s)(6.26E-2 per·s/m3)(6) 
= 4.88E+l per·rem 

IPR 8.7 km S 
Winter==> Dose= · (O.OE+O rem ·m3/s)(2.68E-5 s/m3 )(6) = O.OOE+O rem 
Autumn==> Dose= (l.1E+4 rem·m3/s)(2.68E-5 s/m3)(6) = l.77E+O rem 

A maximum of 361 tritium target pins could be loaded into a container 
comparable to the Core Component Container (CCC) assuming a hypothetical 
close-packed pin arrangement~ The actual number of pins would be less since a 
pin basket would occupy some space. The bounding transportation accident 
would be one in which all of the tritium pins were breached . . Since 361 pins 
corresponds to 19 target assemblies, the consequences of the worst-case drop 
of a CCC containing close-packed tritium target pins would by 19 times the 
doses for one assembly as follows. 

100 m N ==> Dose= (130 rem·m3/s)(l.78E-3 s/m3)(19) = 4.40E+O rem 

2.4 km S,N ==> Dose= (130 rem·m3/s)(l.23E-4 s/m3)(19) = 3.04E-l rem 

7.2 km E ==> Dose= (130 rem·m3/s)(l.80E-5 s/m3)(19) = 4.45E-2 rem 

8.7 km s ==> Dose= (130 rem·m3/s)(2.68E-5 s/m3)(19) = 6.62E-2 rem 
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Pop. SSE==> Dose= ( 130 rem·m3 /s) (6. 26E-2 per· s/m3
)( 19) 

= l.55E+2 per·rem 

IPR 8.7 km S 
Winter==> Dose= (O.OE+O rem·m3/s)(2.68E-5 s/m3)(19) = O.OOE+O rem 
Autumn==> Dose= (l.1E+4 rem·m3/s)(2.68E-5 s/m3)(19) = 5.60E+O rem 

3.3.4 Comparison to Guidelines 

Consequence analysis results for the drop of a CCC were compared to the 
risk guidelines given in HNF-PR0-514, Rev O (HNF 1997) for accidents in the 
unlikely frequency category. The 0.11 rem estimated dose to the worker near 
the accident is well below the risk guideline of 25 rem normally ·applied to 
the onsite receptor at 100 m. Due to geometric attenuation and shielding by 
structures and intervening air, receptors at or beyond the 100 m onsite 
receptor. distance will not receive a significant dose from direct or scattered 
radiation from the CCC . 

Receptor doses due to exposure to the tritium plume for six tritium target 
assemblies and the equivalent of 19 tritium targets in close-packed tritium 
target pins in the CCC are compared to the risk guidelines in Table 3.3-2. 
~ote that no risk guidelines are given for the 2.4 km receptor, populatiori 
doses, or ingestion doses. IPR doses do not represent a realistic pathway and 
so are not included in Table 3.3-2. 

Table 3.3-2. Comp~rison of tritium doses to risk guidelines 
for drop of CCC from solid waste cask 

Doses 2 mSv (rem} Risk 
6 Tritium 19 Tritium Guideline 

Receptor Targets Targets mSv (rem) 

100 m · l.4E+l 4.4E+l 250 
(N) ( 1. 4E+O) (4.4E+O) . (2,5) 

2.4 km 9.6E-l 3.0E+O 
(S,N) (9.6E-2) (3.0E-1) (--) 

7 .2 km l.4E-l 4.5E-l 50 
( E) (l.4E-2) (4.5F-2) . (5) 

8.7 km 2.lE-1 6.6E-l 50 
(S) (2.lE-2) (6.6E-2) (5) 

Population 0.49 per·Sv 1.6 per·Sv 
(SSE) (49 per·rem) (160 per·rem) · (--) 
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Both onsite and offsite individual receptor doses are well within risk 
guidelines. 

3.4 BEYOND DESIGN BASIS DROP OF A MAXIMALLY LOADED INTERIM STORAGE CASK 

The Interim Storage Cask (ISC) provides interim above-ground dry storage 
for up to seven irradiated fuel assemblies in a Core Component Container 
(CCC). Administrative co~trols limit each fuel assembly in the CCC to a 
maximum decay heat of 250 W, and limit the total decay heat load in the CCC to 
1500 W. All of the design basis accidents (handling, weather, seismic, etc.) 
cause no damage to the seals of the CCC or ·1sc. Thus no releases result as a 
consequence of these events. 

A beyond design basis accident is assumed here in which the cask is 
loaded with seven worst-case fuel assemblies and the cask containment boundary 
is broken by a postulated drop from above the analyzed height. This accident 
was previously analyzed in the FFTF FSAR and in Himes (1995a) for the original 
fuel composition. The frequency of this event is specified to be in the range 
l.OE-4 to l.OE-6/y (extremely unlikely category). 

3.4.1 Scenario 

The cask containment boundary is assumed to be broken by a postulated 
drop from above the analyzed height. Despite the presence of. an impact 
limiter, the mechanical shock is assumed to cause cracking in 100% of the fuel 
pins and to crush and ex~ose 1% of the fuel material . . However, such an impact 
is not expected to result in a major escape path out of the cask. Instead, 

.such an impact would, at most, produce some possible cracked welds or failure 
of a lid seal. The following assumptions were made in the FSAR and are 
specified for this re-evaluation of a fuel assembly. 

• The decay heat of each assembly is the maximum of 250 W. 

• 100% of the fuel pins are assumed to lose cladding integrjty. 

• The following release fractions are assumed: 

• Noble gases and tritium: 100% of pins breached; 100% release 

• Halogens: 100% of pins breached; 10% release of halogens (cold 
fuel); 50% plateout of halogens 

• Volatile solids (cadmium and cesium): 100% of pins breached; 1% of 
pellets crushed and exposed; 5% release from exposed pellets; 1% 
release through cracks in cask 
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• Nonvolatile solids: 100% of pins breached; 1% of pellets crushed and 
exposed; 1% release from exposed pellets; 5% respirable (~ 10 µm); 
1% release through cracks in cask 

3.4.2 Source Term Analysis 

The releases calculated here are considered to be very conservative 
bounding values. Since the CCC can contain up to seven fuel assemblies, the 
total release is conservatively based on seven assemblies at the maximum ~ecay 
heat of 250 W for purposes of this analysis, even though the CCC is 
administratively limited to a total decay heat of 1500 W. · The source term is 
developed below on a per assembly basis. 

In accordance with the specified release assumptions shown in Section 
3.4.1, net release fractions for the various inventory components for a driver 
fuel assembly were developed as follows. Tritium is conservatively assumed to 
be in the form of tritiated water vapor and is treated as a gas in this 
analysis. 

Gases (G) 

Halogens (H) 

Fraction of pins breached 
Release from breached pins 

Net release 

Fraction of pins breached 
Release from breached pins (cold} 
Plateout 

Net release 

Volatile Solids (VS} 
Fraction of pins ·breached 
Fraction of pellets crushed 
Release from crushed pellets 
Release from crack~ in cask 

Net release 

Non-volatile Solids (NVS} 
Fraction of pins breached 
Fraction of pellets crushed 
Release from crushed pellets 
Respirable fraction 
Release from cracks in cask 

Net. re 1 ease 
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1.00 
1.00 

l.00E+0 

1.00 
0.10 
0.50 

5.00E-2 

.l .00 
0:01 
0.05 
0.01 

5.00E-6 

1.00 
0.01 
0.01 
0.05 
0.01 

5.00E-8 
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These net release fractions were applied to the driver fuel assembly 
inventory for 250 W decay heat shown in Table 2.1-1. The resulting releases 
are shown in Table 3.4-1. 

Table 3.4-1. Net releases for Beyond Design Basis Drop 
of Maximally Loaded Interim Storage Cask 

Inventory per Release Release 
Isotope Class Assembly (Ci) Fraction (Ci) 

H 3 G 6.67E+l l .OOE+O· 6.67E+l 
Kr 85 G 5.76E+2 l.OOE+O 5.76E+2 
Sr 90 NVS 4 .18E+3 5.00E-8 2.09E-4 . 
y 90 NVS 4.18E+3 5.00E-8 2.09E-4 
Tc 99 NVS l.66E+O 5.00E-8 8.30E-8 
Rul06 NVS 7.16E+3 5.00E-8 3.58E-4 
AgllOm NVS . 8.06E+O 5.00E-8 4.03E-7 
Cdll3m vs 8.92E+O 5.00E-6 4.46E-5 
Sbl25 NVS l.18E+3 5.00E-8 5.90E-5 
Tel25m NVS 2.87E+2 5.00E-8 1. 44E-5 
I 129 H 5.52E-3 5.00E-2 2.76E-4 
Csl34 vs l.52E+3 5.00E-6 7.60E-3 
Csl37 vs l.15E+4 5.00E-6 5.75E-2 
Cel44 NVS 2.74E+3 5.00E-8 l.37E-4 
Prl44m NVS 3.29E+l 5.00E-8 1. 65E-6 
Prl44 NVS 2.74E+3 5.00E-8 1. 37E-4 
Pml47 NVS . l.01E+4 . 5.00E-8 5.05E-4 
Sml51 NVS 4.69E+2 5.00E-8 2.35E-5 
Eul54 NVS 2.86E+2 5.00E-8 1. 43E-5 
Eul55 NVS 1. IOE+3 5.00E-8 5.50E-5 
Pu238 NVS 2.50E+2 5.00E-8 1.25E-5 
Pu239 NVS 5.75E+2 5.00E-8 2.88E-5 
Pu240 NVS 3.30E+2 5.00E-8 1.65E-5 
Pu241 NVS 6.87E+3 5.00E-8 3.44E-4 
Am241 NVS 2.85E+2 5.00E-8 1. 43E-5 
Am242m NVS 2.87E+l 5.00E-8 l.44E-6 
Cm242 NVS 3.83E+l 5.00E-8 1. 92E-6 
Cm243 . NVS 7.13E+O 5.00E-8 3.57E-7 
,Cm244 NVS l .19E+O 5.00E-8 5.95E-8 

Since a range of chemical forms exist in irradiated fuel, worst-case 
solubilities (lung clearance classes) were assumed for all the releases shown 
above. This is considered to be a short duration release (i.e., less than I 
hour). 
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3.4.3 Consequence Analysis 

The effective Dose Equivalent (EDE) per assembly for the source term 
developed in Section 3.4.2 was calculated using the GENII Hanford 
Environmental Radiation Dosimetry Software System (Napier et al 1988). This 
50-year committed dose includes the effects of external exposure to the 
passing plume as well as inhalation doses, and was calculated for unit 
atmospheric dispersion (i.e., X/Q' = 1). In addition, ingestion doses 
(including ground shine) are shown for the worst-case site boundary receptor 
for winter (soil only) and autumn (soil+ crops) scenarios. As discussed in 
Section 2.2, ingestion and ground ~hine doses do not reflect realistic 
pathways in an accident situation and are given for information only. The 
accident doses for the various receptors (including the worst sector 
population) were then obtained by multiplying the unit dispersion dose (i.e., 
dose per unit X/Q') by the appropriate X/Q' and by the number of assemblies in 
the !SC. The GENII output file for this accident is shown in Attachment 6. 

The doses per unit X/Q' for the releases shown in Table 3.4-1 for one 
assembly are 14 rem·m3/s for inhalation and 0.33 rem·m3/s for plume submersion 
for a total dose of 14 rem·m3/s. The corresponding winter and autumn 
ingestion pathway receptor (IPR) doses are l.5E+l rem and 6~5E+2 rem, 
respectively. Using the appropriate 99.5 percentile X/Q's (no building wake 
correction) from Table 2.2-5, the receptor doses for seven driver fuel 
assemblies were developed as shown. 

100 m N ==> Dose = (14 rem·m3/s)(3.17E-2 s/m3)(7) = 3. llE+0 rem 

2.4 km N ==> Dose =· (14 rem·m3/s)(l.65E-4 s/m3 )(7) = 1. 62E-2 rem 

7.2 km E ==> Dose = (14 rem·m3/s)(2.03E-5 s/m3)(7) = 1. 99E-3 rem 

8.7 km s ==> Dose= ( 14 rem ·m3 /s )(2 .. 90E-5 s/m3 )(7) = 2.84E-3 rem 

Pop. SSE ==> Dose= (14 rem·m3/s)(6.26E-2 per·s/m3)(7) = t5.13E+0 per·rem 

IPR 8.7 km S 
(l.5E+l rem·m3/s)(2.68E-5 s/m3)(7) Winter==> Dose= = 2.81E-3 rem 

Autumn==> Dose= (6.5E+2 rem·m3/s)(2.68E-5 s/m3)(7) = 1.22E-l rem 

3.4.4 Comparison T~ Guidelines 

Consequence analysis results for the beyond design basis I~C drop were 
compared to risk guidelines given in HNF-PR0-514, Rev 0 for accidents in the 
extremely unlikely frequency category with the results shown in Table 3.4-2. 
Note that no risk guidelines are given for the 2.4 km -receptor, population 
doses, or ingestion doses. IPR doses do not represent a realistic _pathway and 
so are not included in Table 3.4-2. 
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Table 3.4-2. Comparison of doses to risk guidelines 
for the beyond design basis ISC drop 

Risk 
Doses Guideline 

Receptor mSv (rein) mSv (rem) 

100 m 3.IE+l 1000 
(N) (3 '. IE+O) (100) 

2.4 km I.GE-I 
(S,N) ( 1. 6E-2) (--) 

7. 2 km 2.0E-2 250 
(E) (2.0E-3) (25) 

8. 7 km 2.8E-2 250 
(S) (2.8E-3) (25) 

Population 0.061 per·Sv 
(SSE) (6.1 per·rem) (--) 

Both onsite and offsite individual receptor doses are well within risk 
guidelines. 

3.5 HYPOTHETICAL UNRESTRICTED RELEASE OF FUEL INVENTORY 

A hypothetical (i.e., non-mechanistic) accident is assumed here in which 
an Interim Storage Cask (!SC) is loaded with seven worst-case fuel assemblies 
and is disrupted by an unspecified crushing/shearing force .which results in 
heavy damage to the CCC, and all seven fuel assemblies contained therein, and 
the creation of a large release path out of the cask. This ~ccident was 
previously analyzed in the FFTF FSAR and in Himes (1995b) for the original 
fuel composition. The frequency of this event is specified to be in the range 
l.OE-6 to l.OE-7/y (noncredible). 

3.5.1 Scenario 

No credible scenario was found that could produce this kind of damage in 
an ISC, therefore this is considered a non-mechanistic bounding accident and 
no scenario is given. The follow1ng assumptions were. made in the FSAR and are 
specified for this re-evaluation of a fuel assembly. 
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• The decay heat of each assembly is the maximum of 250 W. 

• 100% of the fuel pins are assumed to be breached. 

• The following release fractions are assumed: 

• Noble gases and tritium: 100% of pins breached; 100% release 

• Halogens: 100% of pins breached; 10% release of halogens (cold 
fuel); 50% plateout of halogens 

• Volatile solids (cadmium and cesium): 100% of pins breached; 5% of 
pellets crushed and exposed; 5% release from exposed pellets 

• Nonvolatile solids: 100% of pins breached; 5% of pellets crushed and 
exposed; 1% release from exposed pellets; 5% r~spirable (~ 10 µm). 

3.5.2 Source Term Analysis 

Since the CCC can contain up to seven fuel assemblies, the total release 
is conservatively based on seven assemblies at the maximum decay heat of 250 W 
for purposes of this analysis, even though the CCC is administratively limited 
to a total decay heat of 1500 W. The source term is developed below on a per 
assembly basis. 

In accordance with the specified release assumptions shown in Section 
3.5.1, net release fractions for the various inventory components for a driver 
fuel assembly were devel~ped as follows. Tritium is conservatively assumed to 
be in the form of tritiated water vapor and is treated as a gas in this 
analysis. 

Gases (G) 

Halogens (H) 

Fraction of pins breached 
Release from breached pins 

Net release 

Fraction of pins breached 
Release from breached pins (cold) 
Plateout 

Net release 

Volatile Solids (VS) 
Fraction of- pins breached 
Fraction of pellets crushed 
Release from crushed pellets · 

Net release 
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Non-volatile Solids {NVS) . 
Fraction of pins breached 
Fraction of pellets crushed 
Release from crushed pellets 

. Respirable fraction 

Net release 

1.00 
0.05 
0.01 
0.05 

2.50E-5 

These net release fractions were applied to the driver fuel assembly 
inventory for 250 W decay heat shown in Table 2.1-1. The resulting releases 
are shown in Table 3.5-1. 

Table 3.5-1. Net releases for Hypothetical Unrestricted 
Release of Fuel Inventory 

Inventory per Release Release 
Isotope Class Asse_mbly {Ci) Fraction {Ci) 

H 3 G 6.67E+l l.OOE+O 6.67E+l 
. Kr 85 G 5.76E+2 l.OOE+O 5.76E+2 
Sr 90 NVS 4.18E+3 2.50E-5 l.05E-l 
y 90 NVS 4.18E+3 2.50E-5 l.05E-l 
Tc 99 NVS l.66E+O 2.50E-5 4 .15E-5 
Rul06 NVS 7 .16E+3 . 2.50E-5 l.79E-l 
AgllOm NVS -8.0GE+O 2.50E-5 2.02E-4 
Cdll3m vs 8.92E+O 2.50E-3 2.23E-2 
Sbl25 NVS 1.18E+3 2.50E-5 2.95E-2 
Tel25m NVS 2.87E+2 2.50E-5 7 .18E-3 
I 129 H 5.52E-3 5.00E-2 2.76E-4 
Csl34 vs l.52E+3 2.50E-3 3.80E+O 
Csl37 vs l.15E+4 2.50E-3 2.88E+l 
Cel44 . NVS 2.74E+3 2.50E-5 6.85E-2 
Prl44m NVS 3.29E+l 2.50E-5 8.23E-4 
Prl44 NVS 2.74E+3 2.50E-5 6.85E-2 
Pml47 NVS 1.01E+4 2.50E-5 2.53E-l 
Sml51 NVS 4.69E+2 2.50E-5 l. l 7E-2 
Eul54 NVS 2.86E+2 2.50E-5 7.15E-3 
Eul55 NVS l.10E+3 2.50E-5 2.75E-2 

·Pu238 NVS 2.50E+2 2.50E-5 6.25E-3 
Pu239 NVS 5.75E+2 2.SOE-5 l.44E-2 
Pu240 NVS 3.30E+2 2.SOE-5 8.25E-3 
Pu241 NVS · 6.87E+3· 2.SOE-5 l.72E-l 
Am241 NVS 2.85E+2 2.SOE-5 7 .13E-3 
Am242m NVS 2.87E+l 2.SOE-5 7 .18E-4 
Cm242 NVS 3.83E+l 2.SOE-.5 9.58E-4 
Cm243 NVS 7 .13E+O 2.SOE-5 I. 78E-4 
Cm244 NVS L 19E+O 2.SOE-5 2.98E-5 
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Since a range of chemical forms exist in irradiated fuel, worst-case 
solubilities (lung clearance classes) were assumed for all the releases shown 
above. This is considered to be a short duration release (i.e., less than 1 
hour). 

3.5.3 Consequence Analysis 

The effective Dose Equivalent (EOE) per assembly for the source term 
developed in Section 3~5.2 was calculated using the GENII Hanford 
Environmental Radiation Dosimetry Software System (Napier et al 1988). This 
50-year committed dose includes the effects of external exposure to the 
passing plume as well as inhalation doses, and was calculated for unit 
atmospheric dispersion (i.e., X/Q' = 1). In addition, ingestion doses 
(including ground shine) are shown for the worst-case site boundary receptor 
for winter {soil only) and autumn (soil+ crops) scenarios. As .discussed in 
Section 2.2, ingestion and ground shine doses do not reflect realistic 
pathways in an accident situation and are given for information only. The 
accident doses for the various receptors (including the worst sector 
population) were then obtained by multiplying the unit. dispersion dose (i.e., 
dose per unit X/Q') by the appropriate X/Q' and by the number of assemblies in 
the ISC. The GENII output file for this accident is shown in Attachment 7. 

The doses per unit X/Q' for the releases shown in Table 3.5-1 for one 
assembly are 6000 rem·m3/s for inhalation and 5.0 rem·m3/s for plume 
submersion for a total dose of 6000 rem·m3/s. The corresponding winter and 
autumn ingestion pathway receptor (IPR) doses are 7.2E+3 rem and 2.1E+5 rem, 
respectively. Using the appropriate 50 percentile X/Q's from Table 2.2-5, the 
receptor doses for seven driver fuel assemblies were developed as shown. 

100 m N ==> Dose= (6000 rem·m3/s)(4.51E-3 s/m3)(7) = 1.89E+2 rem 

2.4 km N ==> Dose= (6000 rem·m3/s)(2.33E-5 s/m3)(7) = 9:79E-l rem 

7.2 km E ==> Dose= (6000 rem·m3/s)(2.86E-6 s/m3){7) = 1.20E-l rem 

8.7 km s ==> Dose= (6000 rem·m3/s)(3.32E-6 s/m3)(7) = l.39E-l rem 

Pop -- SSE ==> Dose = (6000 rem·m3/s)(l.31E-2 per·s/m3)(7) 
= 5.50E+2 per·rem 

IPR 8. 7 km S 
{7.2E+3 rem·m3/s)(3.32E-6 s/m3 )(7) Winter==> Dose = = l.67E-l rem 

Autumn==> Dose = (2.1E+5 rem·m3/s)(3.32E-6 s/m3)(7) = 4.88E+O rem 
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3.5.4 Comparison To Guidelines 

Although there are no risk guidelines for noncredible· accidents 
(frequency less than 10-6/y), consequence analysis results for the 
Hypothetical Unrestricted Release of Fuel Inventory were compared to risk 
guidelines given in HNF-PR0-514, Rev 0 for accidents in the extremely unlikely 
frequency category with the results shown in Table 3.5-2 . . Note that no risk 
guidelines are given for the 2.4 km receptor, population doses, or ingestion 
doses. IPR doses do not represent a realistic pathway and so are not included 
in Table 3.5-2. 

Table 3.5-2. Comparison of doses to risk guidelines for the 
Hypothetical Unrestricted Release .of Fuel Inventory 

Risk 
Doses Guideline 

· Receptor mSv (rem} mSv (rem) 

100 m l.9E+3 1000 
(NNW} (1.9E+2) (100) 

2.4 km 9.8E+0 
(NNW) (9.BE-1) (--) 

7 .2 km l.2E+0 250 
(E} (l.2E-l} (25) 

8. 7 .km l.4E+0 250 
(SSE) (1.4E-l} (25) 

Population 5.5 per·Sv 
(SSE} {550 per·rem} (--} 

Both offsite individual receptor doses are well withiri risk guid~lines 
for extremely unlikely accidents. The onsite receptor guidelines are 
exceeded, but only by less than a factor of two. These comparisons are 
provided for information only. No risk guidelines apply to non-credible 
accidents. 
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3.6 LARGE SODIUM SPILL 

The large sodium spill accident assumes a leak of primary coolant sodium 
to a cell · open to containment. As described in the FFTF FSAR, the leak is 
assumed to release 11,400 kg (25,000 lbs) of sodium, which ignites and fully 
burns. This accident is the limiting radiological sodium burn accident since 
i t assumes a high radioactive inventory in the sodium, free air access to the 
sodium pool, and postulates a large quantity of sodium is released . 

3.6.1 Scenario Development 

This accident assumes that 11,400 kg {25,000 lbs) of primary sodium is 
spilled to an HTS cell open to containment during reactor shutdown. Cells 
containing primary sodium piping are normally inerted but these cells may have 
an air atmosphere and be open to containment during refueling. The entire 
quantity of sodium is assumed to burn. The Containment Isolation System (CIS) 
will seal the containment, but a release of radioactive material will still 
occur since the containment has a design leakage rate of 0.5% per day at 2 
psig . The peak pressure in the containment for this accident is given in the 
FFTF FSAR as 1.7 psig. It takes approximately 17 hours to completely burn the 
sodium. The pressure decays slowly after the cessation of the burn. 

An exposure time of 12 hours is assumed for the onsite receptor, and 48 
hours for the offsite receptor. The onsite receptor will not remain onsite 
for the full duration of the release since the maximum shift duration is 12 
hours. Twelve hours is a conservative estimate of the time the onsite 
receptor remains onsite _since it is probable that the onsite personnel will be 
evacuated prior to the full 12 hours. The activity released in 48 hours at 2 
ps ig is a conservative estimate of the offsite receptor exposure since the 
average ·pressure is significantly less than 2 psig during the-first 48 hours, 
and the pressure decays after 48 hours. The release rate is 0.5% per 24 
hours, which produces a release of 0.25% of the material ~n containment for 
the onsite (100 m} receptor for a li hour exposure time, and a 1.0% release 
for the offsite receptors for a 48 hour exposure time . · 

The assumptions for this accident scenario are summarized a~ follows: 

• A spill of 11,400 kg (25,000 lbs} sodium is assumed to occur to an HTS 
cell open to the containment building 

• The entire 11,400 (25,000 lbs) of sodium is assumeq to burn resulting in 
a peak pressur~ of 1.7 psig ~ The containment is assumed to leak at a 
r ate of 0. 5% per day at 2 psig. 

• The sodium is assumed to contain fission and activation products 
corresponding to 1% failed fuel _operation. The accident is assumed to 
occur 2 days after the reactor is shutdown. Cells containing primary 
sodium piping are inerted during power operation, and 2 days is a 
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conservative estimate of the time after shutdown to de-inert the HTS 
cells . 

· • The entire inventory of the fission products cqntained in the sodium is 
assumed to be released to containment. The entire inventory of 
radioactive material in the cover gas is also assumed to be released to 
the containment . 

• Inventories are based-on 1% failed fuel operation . 

• No credit for plateout is assumed. 

• No credit for containment margin system response is assumed . 

3.6.2 Source Term Analysis 

The primary sodium is assumed to contain a radioactive material 
concentration corresponding to operation with 1% failed fuel . This source 
term is conservative since actual fission product concentrations during power 
operation were much less than the FSAR 1% failed fuel numbers. The isotope 
concentrations in Ci/g are taken from the FFTF FSAR, Table 15.2.10, and are 
shown in Table 3.6-1 . 100% of the isotopes contained in the released sodium 
are assumed to be released to the containment vessel. The fraction released 
from containment is based on the 0.5% per day leakage rate. The source term 
was decayed for 2 days . · Two days is a very conservative estimate of -the 
minimum time for opening HTS cells to the containment after shutdown of the 
reactor. 

The source term for 1% failed fuel given in the FSAR does not include 
tritium. In order to estimate the tritium release, the sodium was assumed to 
contain tritium at higher than the maximu~ measured concentration values . 
Measured values of tritium concentration of 2.1 x 10-7 Ci/g have been reported 
in the prifary sodium. A tritium con_centration two orders of magnitude higher 
(2.1 x 10- Ci/g) was assumed for this calculation since the tritium 
production mission could result in higher tritium releases to the sodium. 
(Tritium concentrations approximately a factor of 60 high~r than reference 
values are expected.) Similarly no data for plutonium was included in the 
FSAR for this accident since volatile fission products and sodium activation 
products were assumed to dominate the accident. A plutonium concentration of 
1.2 x 10-12 Ci/g based on total alpha activity has been reported in the 
primary sodium. A level of 3 x 10-12 Ci/g was used in this analysis since the 
plutonium enrichment may be approximately twice the reference core 
enrichments. The total alpha activity was assumed to be all Pu- 239 since the 
dose per Ci of this isotope is relatively high. Resulting radioactive 
releases for a 25,000 lbs primary containment burn source term are shown in 
Table 3.6-1. . 
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Table 3.6-1. Primary sodium source term concentrations and 
releases 

Isotope 

Na 22 
Na 24 
I 131 
I 133 
I 135 
Csl34 
Csl36 
Csl37 
Tal82 
H 3 
Pu239 

Activity/g 
in Sodium 
{Ci/g) 

9 .17E-07 
2.57E-02 
2.43E-04 
4.86E-04 
4.86E-04 
2.43E-06 
l.70E-05 
7.3.0E-06 
9.73E-07 
2. l0E-05 
3~00E-12 

Activity/g 
in Na after 
2 day decay 

(Ci/g) 

9 .16E-07 
2.B0E-03 
2.0SE-04 
9.82E-05 
3. lSE-06 
2.43E-06 
1. 53E-05 
7.30E-06 
9.61E-07 
2. l0E-05 
3.00E-12 

Activity in 
Containment 

25000 lb 
Burn 
(Ci) 

l.04E+0l 
3.17E+04 
2.32E+03 
l.11E+03 
3.57E+0l 
2.75E+0l 
l.74E+02 
8.28E+0l 
l.09E+0l 
2.38E+02 
3.40E-05 

Activity 
Rel eased from 
Containment 

in 12 hr 
(Ci) 

2.60E-02 
7.93E+0l 
5.80E+00 
2.78E+00 
8.92E-02 
6.88E-02 
4.34E-0l 
2.07E-0l 
2.73E-02 
5.95E-0l 
8.SlE-08 

A spill of primary sodium also results in a release of reactor cover 
gas. Cover gas radioactive inventories assuming a 1% failed fuel case are 
given in Table 15~2-8 of the FFTF FSAR. A release fraction of gas contained 
in the containment of 0.25% onsite, and 1.0% offsite are assumed for the cover 
gas also. The cover gas mix was also decayed for 2 days to account for the 
delay between shutdown and refueling operations. The resulting cover gas · 
activities and releases are shown in Table 3.6-2. 

Table 3.6-2. Cover gas source term 

Activity 
Activity Released 

Activity 2 day decay in 12 hr 
Isotope . . {Ci) {Ci) {Ci) 

Kr-83m 6.90E+Q2 8.91E-06 2.23E-08 
Kr-85m l.94E+03 l.17E+00 2.93E-03 
Kr-85 3.30E-0l . 3.30E-0l 8.25E-04 
Kr-87 1.58E+03 6.95E-09 l.74E-ll 
Kr-88 3.18E+03 2.52E-02 6.29E-05 
Xe-13lm 1.30E+03 l.16E+03 2.90E+00 
Xe-133m 3.02E+02 l.60E+02 4.0lE-01 
Xe-133 6.321+03 4.85E+03 l.21E+0l 
Xe-135 2.28E+04 5.94E+02 l.49E+00 
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3.6.3 Consequence Analysis 

Effective Dose Equivalents (EDE) for the source terms developed in 
Section 3.6.2 were calculated using the GENII Hanford Environmental Radiation 
Dosimetry Software System (Napier et al 1988). These 50-year committed doses 
include the effects of external exposure to the passing plume as well as 
inhalation doses, and were calculated for unit atmospheric dispersion (i.e., 
X/Q' = 1). Tritium is assumed to be in oxide form (i.e., as tritiated water 
vapor) and direct absorption through ·the skin is accounted for in addition to 
inhalation for purposes of calculating internal dose. In -addition, ingestion 
doses (including ground shine) are shown for the worst-case site boundary 
receptor for winter (soil only) and autumn (soil + crops) scenarios. As 
discussed in Section 2.2, ingestion and ground shine doses do not reflect 
realistic pathways in an accident situation and are given for information 
only. The accident doses for the various receptors (including the worst 
sector population) were then obtained by multiplying the applicable unit 
dispersion dose (i.e., dose per unit X/Q') by the appropriate X/Q'. These 
X/Q's are based on short duration Teleases. Use of these X/Q's is therefore 
conservative for the 12 hour (100 m.and control distance) and 48 hour 
(offsite) exposures postulated in this analysis. The GENII code file for this 
accident is shown in Attachment 8. 

3.6.3.1 Radiological Analysis. The doses per unit XJQ' for the 12-hour 
releases shown in Tables 3.6-1 and 3.6-2 are 98 rem·m /s for inhalation and 76 
rem·m3/s for plume submersion for a total dose of 174 rem·m3/s. The 
corresponding winter and autumn ingestion pathway receptor (IPR) doses are 
8.3E+l rem and 8.3E+3 rem, respectively. Using the appropriate 99.5 
percentile X/Q's with building wake correction from Table 2.2-5, the receptor 
doses were developed as shown. The resulting doses for the control distance 
and offsite receptors were multiplied by a factor of 4 since the release for 
these receptors is 4 times · greater than for the 12 hour exposure assumed at 
100 m. 

100 m N ==> Dose = (174 rem·m3/s)(l.78E-3 s/m3
) = 3.lOE.-1 ·reni 

2.4 km S,N ==> Dose= (174 rem·m3/s)(l.23E-4 s/m3
) = 2 .14E-2 rem 

7.2 km E ==> Dose = ( 174 rem·m3 /s )(f.BOE-5 s/m3
)( 4) = l.25E-2 rem 

8.7 km s ==> Dose = (174 rem·m3/s)(2.68E-5 s/m3)(4) = l.87E-2 rem 

Pop. SSE ==> Dose = (174 rem·m3/s)(6.26E-2 per~s/m3 )(4) ~ 4.36E+l per·rem 

IPR 8.7 km S 
Winter==> Dose= (8.3E+l rem·m3/s)(2.68E-5 s/m3 )(4) = 8.90E-3 rem 
Autumn==> Dose= (8.3E+3 rem·m3/s)(2.68E-5 s/m3)(4) = 8 .. 90E-l rem 
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In addition to the inhalation and submersion doses, the onsite receptor 
will be exposed to gamma radiation from the containment building. The source 
term inventories shown in Tables 3.6-1 and 3.6-2 were assumed to be uniformly 
suspended in the containment . The shine dose rate was calculated using the 
MICROSHIELD 3 computer code (Grove 1986). The containment was modelled as a 
cylinder 41.2 m (135 ft) in diameter and 32 m (105 ft) high . . The receptor was 
assumed to be 100 m from the containment building and 1.5 m above the ground. 
The containment wall was modelled as 1 inch of iron. The MICROSHIELD files 
are shown in Attachment 8. The dose rate was 2.00 rem/hr at the beginning of · 
the 12 hour period, and 1.15 rem/hr at end of 12 hours. The average exposure 
rate of 1.58 rem/hr was used for the 12 hour exposure. The onsite direct 
shine dose at 100 m from the material inside the reactor containment building 
(RCB) was calculated to be 1.58 rem/h x 12 h = 19 rem. The direct shine dose 
at the control distance (2400 m) and at the site boundary were found to be 
negligible due to distance and attenuation by the intervening air . 

The total onsite receptor dose was calculated by adding the direct shine 
dose from cont~inment to the plume inhalation and submersion dose. The 
resulting total is 19 rem at the onsite (100 m) receptor. 

The dose calculation was examined to determine the sensitivity to 
tritium levels. The inhalation doses with a X/Q' of 1 is 98 rem. The 
contribution from the tritium in this calculation is 1.7 x 10-3 rem. The 
tritium contributes less than 0~002% of the dose. The tritium level would 
have to be several orders of magnitude higher to significantly affect the 
inhalation doses. The Pu-239 dose is 1.2 x 10-2 rem or 0.07% of the total 
inhalation dose. Changes in enrichment will therefore not significantly 
affect the results of this accident. 

3.6.3.2 Toxicological Releases. Sodium mainly forms sodium oxide upon 
burning which, in the presence of moisture, can form the more .toxic sodium 
hydroxide (NaOH). Toxic risk guidelines for NaOH are based ori peak 
concentration in air (mg/m3

). The concentration at the receptor is determined 
- by multiplying the release rate times the appropriate X/Q'. _The release rate 

from coritainment is 0.5% of the material in containment in 24 hours. Peak air 
concentration for the onsite receptor, for example, was developed as follows. 

Release rate = Mass released to containment x (0.5%/ 24 hours) 

The mass of NaOH formed from the combustion of 11,400 kg (25,000 lbs) of Na is 
= 11,400 kg X (23+16+1)/23 
= 19,800 kg 

Release rate= 19,800 kg x 106 mg/kg x 0.005/(24 hr x 3600 s/hr) 
- 1150 mg/s 
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The onsite X/Q' (with building wake effect) from Table 2.2-5 is 0.00178 s/m3 

The concentration C = 1150 mg/s x 0.00178 s/m3 = 2.0 mg/m3
• 

The onsite risk guidelines for extremely unlikely events is ERPG-3, which is 
100 mg/m3 for NaOH. Comparison to risk guidelines for the onsite and offsite 
receptors are given in Section 3.6.4. 

3.6.4 Comparison to Risk Guidelines 

Doses · at the different receptor locations are compared to risk 
guidelines in Table 3.6-4. The doses to receptors onsite (100 m) and at the 
1,·5 mile control distance are based on a 12 hour exposure. All other 
locations are based on a 48 hour exposure. Risk-guidelines for extremely 
unlikely frequency class were taken from HNF-PR0-514, Rev 0. IPR dose~ do not 
represent a realistic pathway and so are not included in Table 3.6-4. 

Table 3.6-4. Comparison to Risk Guidelines 

Onsite 

2400 m 
(1.5 miles) 

7200 m E 
(4.5 miles) 

Site 
Boundary 

Population 
within 50 

miles 

Radiological 
Dose (rem) Dose (Sv) 

1. 9E+l" l.9E-l 

2.lE-2 2. IE-4 

l.3E-2 l.3E-4 

1. 9E-2 l.9E-4 

4.4E+l 4.4E-l 
person·rem person·Sv 

Rad Risk 
Guideline 

(Sv) 

1.0 

0.25 

NaOH 
Cone. 

(mg/m3
) 

2.0 

0.16 

0.022 

0.032 

Toxic 
Risk 

Guideline 
(mg/m3

) 

100 

40 

Doses and exposures for all receptors are well below risk guidelines. 
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3.7 EFFECT OF SODIUM RELEASE FROM THE RADIOISOTOPE RAPID _RETRIEVAL SYSTEM 
DURING AN HCDA 

The -FFTF FSAR includes an evaluation of a Hypothetical Core Disruptive 
Accident {HCDA) as a bounding test of the FFTF containment capabilities. An 
accident is assumed to occur which results in an energetic disassembly of the 
reactor core. It is expected that even the worst case accidents, such as a 
loss of flow without scram, or a transient overpower without scram, would 
cause significant core damage, but an energetic reaction would not occur. 
Even so, the containment and HTS systems were designed to ·withstand an 
energetic core disruptive accident. The impact of the Radioisotope Rapid 
Retrieval system {R3) on the HCDA radiological consequences was evaluated to 
maintain consistency with that position. The doses were estimated by applying 
modifyfog factors to the calculations originally performed for the reference 
core. The analysis assumes the source term is identical to the FFTF FSAR 
ULOF-HCDA source term. The effects of modifications to the core loading 
required by the proposed new mission on the consequences of an HCDA will be 
developed in a separate analysis. 

3.7.1 -Scenario and Source Term Development 

The R3 system is a new potential release path for sodium during an HCDA. _ 
The FSAR HCDA analysis assumes 300 lbs of sodium would be released through the 
seals around head mounted components. The addition of the R3 path for the 
sodium release is estimated to result in a sodium release of up to an 
additional 300 lbs. The 300 lbs of sodium assumed to be released to the 
containment in the FFTF HCDA .analysis occurs because the bolts holding the 
open test assemblies {OTAs) to the reactor vessel head may exceed their 
elastic limits during an HCDA. The OTAs will remain attached to the reactor 
head but some sodium leakage may occur around the seals. The two R3 
assemblies may add to this sodium leakage in the event of- an HCDA. The target 
tubes in the R3 will be approximately 0.745 inches in diameter giving a cross 
sectional area for 2 R3 assemblies of 0.87 in2

• The flow patn area for the · 9 
OTA assemblies is estimated to be in excess of 2 in2

• The leakage to a first 
approximation will be proportional to the cross ·sectional ·areas of the flow 
paths. The area of the R3 tube is smaller than path flow area through the OTA 
seals~ and the R3 sodium leakage would be expected to be further restricted 
since the R3 tube will tend to crumble rather than shear. The crumbled tube 
will further restrict flow. Assuming an additional 300 lbs of sodium is 
released through the two R3 assemblies is therefore conservative 

The original HCDA evaluation assumed~ release of 100% of the fission 
gas plus 1% of the fuel and fission products. This release to containment 
would not be affected by the additional leak path provided by R3. The 
radioactivity in the additional 300 lb of sodium will .not have dose 
consequences that significantly affect the results (see analysis for 25,000 lb 
sodium burn in Section 3.6}. 
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A potential impact of the additional sodium release is an increase in 
the pressurization of containment along with an increase in leakage. The 
sodium released in the HCDA would be released as a spray, which can cause 
higher pressures than the pool fire accident described in Section 3.6. The 
FSAR HCDA ·results in a peak pressure to containment of 1.84 psig . . The 
increase due to an additional 300 lbs of sodium is calculated based on the 
following assumptions: 

• The 300 lb of Na from the R3 system will be assumed to mix uniformly 
with the air in containment. 

• All the Na is assumed to burn 

• 100% of the energy of combustion and the heat conducted due to elevated 
sodium temperature will be transferred to the air of the containment. 

• Thermal conduction to the walls or structures in the containment is 
neglected. 

3.7.2 Accident Consequences 

The material properties which were used in the calculation are shown in 
Table 3.7-1. 

Table 3.7-1. Material Properties 

Property SI units English units Source 

Heat of combustion of Na 9.6 E+06 J/kg 4080 Btu/lb 
Specific heat of Na 1300 J/kg · °C 0.3 Btu/lb·°F Glasstone 
Air density (STP) 1.3 kg/m3 0.08 Lb/ft3 Glasstone 
Specific heat of .air 1000 J£kg · °C 0.24 Btu/lb·°F Glasstone 
Air volume of containment 42500 m · 1. 50 E+06 ft3 FFTF FSAR 
Additional Na released 136 kg 300 lbs specified 

The heat transferred to the air in the containment is the heat of 
combustion plus the heat transfer from the release of hot sodium. The sodium 
temperature was assumed to be 1000 °F, (538 °C), and t~e initial air 
temperature was assumed to be 77 °F (25 °C). 

The energy available from the release and combustion of the sodium 
inside containment can be conservatively estimated as: 
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Energy (Q) = Na mass burned x [heat of combustion+ (temperature of Na· 
- temperature of air) x specific heat of Na] 

= 136 kg x [9.6 x 106 J/kg + ,(538 °C - 25 °C)(l300 J/kg•°C)] 

= 1.40 X 109 J 

The maximum temperature increase of the air in containment is 

AT =Q/ (m cp) 

where Q. is the energy transferred to the air,"m is mass of the air, and cP is 
specific heat of the air. The temperature increase is: 

AT= 1.40 x 109 J/[(1.3 kg/m3 ){42,500 m3)(1000 J/kg·°C)] 

= 25 °C 

The increase in pressure in the containment is given by 

. pf = ilt(A T) pi 
1 

where Ti and Pi are initial temperature (absolute) ·and pressure of the air in 
containment. 

(298+25) (i4.7 psia) 
298 

Pf = 15.9 psia 

AP = 1.2 psi 

The release of the additional 300 lbs of sodium will re~ult in a maximum 
increase in containment pressure of approximately 1.2 psig. This calculation 
is very conservative in that it neglects the fact that some of the heat will 
be transferred to structures in the containment, or conducted out through the 
walls. Also, some of the sodium will probably not burn and much of the sodium 
burned will fall out or plate out on surfaces. The calculation is however 
bounding. 

The FFTF FSAR reported a 1.84 psi initial peak increase in containment 
pressure from the HCDA . The design pressure of containment is 10 psig, so an 
additional increase in containment pressure of 1.2 psig will not challenge 
containment integrity. The amount of material released is assumed in the FSAR 
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analysis to be proportional to the square root of the pressure increase. The 
amount of increase in radioactive material released is therefore: 

Increase in Release fraction= [(1.84 + 1.2)/1.84] 112 

= 1.29 

Doses for the HCDA are given in the FFTF FSAR. The doses are increased 
by a factor of 1.29 to compensate for the additional pressure increase. The 
resulting doses are shown in Table 3.7-2. 

Table.3.7-2. HCDA dose calculation results 

Location 
FSAR Doses 
(Sv) (rem) 

Doses Increased 
by 1. 26 

(Sv) (rem) 

2400 m 2 hr dose* 0.0069 0.69 0.0089 0.89 

7200 m 30 d dose 0.0029 0.29 0.0037 0.37 

* receptor is assumed to be evacuated after 2 hours. 

Toxic consequences were not evaluated in the FSAR for this accident, but 
· an evaluation for a relejse to containment of a total of 273 kg (600 lbs) of 
sodium is given as foll9ws. The toxic release is produced by combustion of 
273 kg (600 lbs) of sodium, which could produce 475 kgs (1040 lbs) of NaOH. 
The peak pressure in containment is 1.8 psig + 1.2 psig = 3.0 psig. The 
design release rate is 0.5 % at 2 psig. The release rate is proportion to the 
square root of the pressure drop. The release rate .of NaOH from containment 
is therefore: 

475 kg x 0.005 x (3.0/2) 112 x 106 mg/kg/(24 h x 3600 s/h) = 34 mg/s 

The concentration in the air is the release rate times the X/Q' at the 
location in question. 

Concentration at 2400 m = 34 mg/s x 1.23 x 10·4 s/m3 = 0.0042 mg/m3 

Concentration at 7200 m E = 34 mg/s x 1.80 x 10·5 s/m3 = 6.1 x 10·4 mg/m3 

Both concentrations are much less than the limits for NaOH offsite for 
extremely unlikely events of 40 mg/m3

• 

The calcul~tion shows the doses to be much less than the limits specified. 
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3.7.3 Comparison to Risk Guidelines 

Doses at the various receptor locations are compared to risk guidelines 
i n Table 3.7-3. The dose to at the 1.5 mile control distance is based on a 2 
hour evacuation time. All other locations are based on a 30 day exposure. 
Risk guidelines for extremely unlikely frequency class were taken from HNF
PR0- 514, Rev 0. 

Table 3.7-3 . Comparison to Risk Guidelines 
Toxic 

Rad Risk NaOH Risk 
Radiological Guideline Cone. Guideline 

Dose (rem) Dose (Sv) (Sv) (mg/m3
) (mg/m3

) · 

2400 m 8.9E-l 8.9E-3 4.2E-3 
(1.5 miles) 

7200 m E 3.7E-l 3.7E-3 6.lE-4 
(4 .5 miles) 

Site 5.6E- l 5.6E-3 0.25 9.2E-4 40 
Boundary 

Population 1. 2E+3 1.2E+l 
within 50 person·rem person·Sv 

mil es 

Doses and toxic exposures at the worst-case site boundary location (8.7 km 
south) and the population dose were estimated by multiplying the 4.5 mile dose 
(or exposure) by 1~5 and 3100, respectively, based on simple ratios of the 
X/Qs shown in Table 2.2-5. The 100 m on.site receptor (not analyzed in the 
FFTF FSAR for this accident) ·would be subjected to a high direct shine dose 
rate from the material suspended and plated out inside the containment 
structure in addition to inhalation and submersion doses fro~ ·tHe plume. The 
doses at 100 m would be a sensitive function of the assumed evacuation time 
(30 minutes or less) as well as the detailed time history of releases into the 
conta i nment dome space and leakage out of containment during the first 30 
minutes of the accident. Information at the level of detail which would be 
required to estimate the onsite 100 m dose is not yet available. 

Doses and exposures for all receptors evaluated are well below risk 
guidelines. 
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1.0 Introduction/Summary 

An FFTF tritium/isotope production mission will require a new fuel supply. The 
reference design core will use a mixed oxide fuel nominally enriched to 40 wt% Pu. This 
enrichment is significantly higher than that of the standard Driver Fuel Assemblies used in past 
operations. Consequently, criticality safety for handlin$ and storage of this fuel must be 
addressed. The purpose of this document is to begin the process by determining the minimum 
critical number for these new fuel assemblies in water, sodium and air. To conservatively bound 
the fuel for the reference design core, the analysis was done using 42 wt% Pu(5.96 wt% 240Pu)O2 

. This analysis is preliminary and further work can be done to refine the results reported here. 
Analysis was initially done using 45 wt% PuO2 fuel assemblies and are also reported. 
Additionally, a preliminary assessment is done concerning storage of these fuel assemblies in 
Interim Decay Storage (IDS), Fuel Storage Facility (FSF), and Core Component 
Containers/Interim Storage Casks (CCC/ISC). 

2.0 Conclusion 

For 42 wt% Pu02 fuel assemblies in water the minimum critical number is greater than 3 
and less than four, greater than 10 and less than 11 in sodium, and greater than 13 and less than 
14 in air. The minimum critical number in sodium and air is based on a conservative model of 
the assembly arrays with close concrete reflection. Refinement of this analysis could be done in 
the future that may possibly increase the minimum critical number in sodium and air, if needed. 

It is likely that at least six 42 wt% fuel assemblies can be safely stored in a CCC/ISC. 

An assessment of existing IDS and FSF criticality documentation resulted in the 
conclusion that further analysis is required before 42 wt % fuel assemblies can be stored in 
either. 

With 42 wt% PuO2 fuel the number of fuel units in the IEM Cell shall not exceed 9. 
Individual pins are not allowed without further analysis. Floor grid structures must be in place 
when this fuel is present in the Cell. 

1 
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3.0_ Description 

For this analysis the fuel assemblies were explicitly modeled with 217 pins. Assembly 
and pin dimensions used are those of a standard FFTF driver fuel assembly. Dimensions are 
provided in Table 1. 

Table 1. Fuel Assembly Dimensions 

Dimension in (cm) 

cladding - inner diameter 0.200 (0.5080) 

cladding - outer diameter 0.230 (0.5840) 

duct - inner wall to wall 4.335(11.0109) 

duct - outer wall to wall 4.575 (11.6205) 

Analyses were done for both 42 wt% Pu fuel and 45 wt% Pu fuel. The isotopic 
distribution is from DOE/EIS-0229. Masses for both are given in Table 2. 

Table 2. Fuel Masses (grams) 

nuclide 42 wt%Pu 45 wt% Pu 

2Jspu 0.46 0 

239Pu 12944.5 13943.3 

24opu 821.2 894.58 

241pu 5.83 75 .61 

242pu 1.39 0 

241Am 92.28 0 

mu 41.4 39.6 

mu 18979 18187 

0 4367 4413 

2 
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4.0 Special Requirements and Controls 

The following analysis has determined that the minimum critical number for 42 wt% 
PuO2 fuel assemblies in water is between 3 and 4. In sodium it is between 10 and 11 , and, in air, 
between 13 and 14. Based on these results, and to assure the double contingency policy, these 
fuel assemblies are to be handled as a batch limit of I (max) assembly. 

5.0 Method of Analysis and Results 

5.1 Calculations 

Calculations were done for unirradiated fuel assembly arrays in water, sodium and void 
(air). The fuel assembly ducts, pins and cladding were explicitly modeled. For most calculations 
the fuel assembly was modeled as a hexagon. A square fuel assembly model was used when 
there was no spacing between the assemblies allowing for close concrete reflection. For both the 
hexagonal model and square model the fuel pin pitch is 0.286 in. The modeling includes 12 
inches of ordinary concrete reflection surrounding the array. Using ordinary concrete rather than 
high density concrete has no significant affect on ketr- A parametric evaluation was done by 
varying the moderator density and fuel assembly spacing. All calculations were done with 
MONK6B (UKAEA 1988). MONK6B has been validated for Pu systems. Accounting for 
margins of safety and biasing, a calculated ketr of 0.935 is considered to be critical (Macklin 
1991 , Miller 1994). 

5.2 Results 

5.2.1 MCN in Water 

Results of the analysis show that, in water the minimum critical number of fuel 
assemblies is greater than 3 and less than 4. This is true for fuel enrichment of either 42 wt% Pu 
or 45 wt% Pu. With four assemblies ketr is over the 0.935 calculational limit and under 0.935 for 
three assemblies. The difference in ketr for 3 assemblies between the two enrichments is 0.0176. 
Table 3 presents the ke,r's for 2,3 and 4 fuel assemblies for both enrichments. For these cases the 
assemblies are separated by 0.75 in. Also included in this, arid the following tables, are the 
MONK6B file names for each calculation. 

3 
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Table 3. Assemblies in Water, Spacing= 0.75 in. 

Number of 42 wt%Pu 45 wt% Pu 
Assemblies 

keff file kerr file Oc Oc 

4 0.9413 0.0030 mcn42cw 0.9687 0.0031 mcn45cw 

3 0.8753 0.0029 mcn42bw 0.8929 0.0030 mcn45bw 

2 0.7571 0.0028 mcn42mw 0.7892 0.0030 mcn45mw 

Table 4 shows_ the affect of varying the distance between three fuel assemblies. The kerr 
change as the assembly spacing goes from 0.39 in. to 0.75 in. is within the calculated uncertainty. 
The affect on kcff as spacing decreases below 0.39 in. is not expected to be significant. As the 
assemblies move farther apart kcff goes down. The results presented here are for the assemblies 
oriented flat-to-flat. Rotating the assemblies to_a vertex-to-vertex orientation has no significant 
affect on kcff- The calculations were done with ordinary concrete reflection. Substitution of the 
ordinary concrete with high density concrete had an insignificant affect on kcff-

Table 4. Assemblies (3) in Water, Increasing Spacing 

Spacing (in.) 42 wt%Pu 45 wt% Pu 

keff Oc file kerr Oc file 

0.39 0.8760 0.0030 mcn42dw 0.8927 0.0029 mcn45dw 

0.75 0.8753 0.0029 mcn42bw 0.8929 0.0030 mcn45bw 

1.97 0.8134 0.0028 mcn42kw 0.8268 0.0028 mcn45kw 

3.94 0.6917 0.0027 mcn42lw 0.7141 0.0028 mcn45lw 

Table 5 shows the affect ofreducing the water density around three fuel assemblies. For 
all cases, assembly spacing is 0. 75 in. As the \\'.ater density is reduced, keff decreases. 

4 
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Table 5. Decreasing Water Density 

Water Density 42 wt%Pu 45 wt% Pu 
fraction 

ketr file ketr file Oc Oc 

1.0 0.8753 0.0029 mcn42bw 0.8927 0.0029 mcn45dw 

0.9 0.8555 0.0029 mcn42nw 0.8788 0.0031 mcn45nw 

0.8 0.8383 0.0030 mcn42ow 0.8603 0.0028 mcn45ow 

0.7 0.8206 0.0028 mcn42pw 0.8386 0.0031 mcn45pw 

0.5 0.7569 0.0027 mcn42qw 0.7798 0.0028 mcn45qw 

0.3 0.6874 0.0026 mcn42rw 0.7121 0.0025 mcn45rw 

0.1 0.6020 0.0024 nicn42sw 0.6244 0.0025 mcn45sw 

dry 0.5678 0.0022 mcn42tw 0.5955 0.0024 mcn45tw 

5.2.2 MCN in Sodium 

In sodium, the minimum critical number of 42 wt% fuel assemblies is greater than 10 and 
less than 11 (Table 8). Results are presented in Table 6 for 42 wt% and 45 wt% fuel with 0.75 
in. spacing between assemblies. 

Table 6. Assemblies in Sodium 

Number of 42 wt%Pu 45 wt% Pu 
Assemblies 

ketr file ketr Oc ac oc 

16 - - - 1.0464 0.0031 mcn45as 

14 0.9653 0.0028 mcn42cs - - -
13 0.9368 0.0028 mcn42ds - - -
12 0.9264 0.0028 mcn42bs 0.9702 0.0029 mcn45bs 

11 0.8912 0.0027 mcn42es 0.9300 0.0028 mcn45es 

10 - - - 0.9036 0.0027 mcn45cs 

8 - - - 0.8204 0.0025 mcn45ds 
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The effect of changing the spacing between twelve 42 wt% fuel assemblies is presented 
in Table 7. With decreased spacing ketr increases and with increased spacing ketr decreases. 

Table 7. Assembly (12) Spacing vs ketr 

Spacing (in.) ketr Oc file 

0.0 0.9616 0.0028 sq3x4s 

0.75 0.9264 0.0028 mcn42bs 

1.97 0.8380 0.0026 mcn42ls 

3.94 0.7437 0.0026 mcn42ms 

Table 8 presents the results with no spacing between the 42 wt% assemblies. The kerr 
limit of 0.935 occurs between 10 and 11 assemblies. For these calculations the assembies were 
modeled as squares rather the hexagons. This allowed for closer concrete reflection around the 
assembly array. 

·Table 8. Assemblies in Sodiwn, No Spacing 

Nwnberof ketr Oc file 
Assemblies 

12 0.9616 0.0028 sq3x4s 

11 0.9356 0.0028 sqlls 

10 0.8991 0.0027 sqlOs 

As the sodiwn density is reduced kerr goes down. The results are presented in Table 9 for 
both enrichments and 0.75 in. spacing. 
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Table 9. Decreasing Sodium Density 

Sodium Density 42 wt% Pu (12 assemblies) 45 wt% Pu (11 assemblies) 
Fraction 

ketr file ketr file Oc Oc 

1.0 0.9264 0.0028 mcn42bs 0.9300 0.0028 mcn45es 

0.9 0.9236 0.0027 mcn42gs · 0.9294 0.0028 mcn45gs 

0.7 0.9176 0.0027 mcn42hs 0.9149 0.0027 mcn45hs 

0.5 0.9014 0.0027 mcn42is 0.9032 0.0027 mcn45is 

5.2.3 MCN in Air 

In air the minimum critical number of assemblies is greater than 13 and less than 14 for 
42 wt% fuel assemblies (Table 12). Results for both 42 wt% and 45 wt% fuel with 0.75 in. 
spacing are presented in Table 10. 

Table 10. Assemblies in Air 

Number of 42 wt% Pu 45 wt% Pu 
Assemblies 

ketr file ketr file Oc Oc 

16 0.9369 0.0027 mcn42ad 0.9721 0.0027 mcn45ad 

15 0.9078 0.0027 mcn42hd - - -
14 0.8879 0.0026 mcn42cd 0.9274 0.0027 mcn45cd 

12 - - - 0.9017 0,0027 mcn45bd 

The effect on ketr of changing the spacing between 15 fuel assemblies in air is shown in 
Table 11. 
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Table 11. Assembly Spacing vs kctr in Air 

Spacing (in.) 42 wt% Pu (15 assemblies) 

kctr . ac file 

0.0 0.9749 0.0027 sq15d 

0.75 0.9078 0.0027 mcn42hd 

1.97 0.7775 0.0026 mcn42ed 

3.94 0.7055 0.0025 mcn42fd 

Kctr increases as the spacing between assemblies decreases. Table 12 presents the results 
for no spacing between the 42 wt% fuel assemblies in air. 

Table 12. No Spacing Between 42 Wt% Assemblies 

Number of kctr Oc file 
assemblies 

16 1.0125 0.0028 sq4x4d 

15 0.9749 0.0027 sq15d 

14 0.9382 0.0027 sql4d 

13 0.9101 0.0027 sq13d 

The maximum allowable kcm 0.935, occurs between 13 and 14 assemblies. These results 
are conservative because the assemblies were modeled as squares rather than hexagons allowing 
for tighter concrete reflection. 

5.3 Assessment of 42 wt% Pu Fuel Assembly Storage in CCC/ISC 

All fuel assemblies will eventually be stored in CCC/ISCs. Much analysis has previously 
been performed pertaining to the storage of standard Series I and II FFTF Driver Fuel 
Assemblies (DF As), pin containers and metal fuel in CCC/ISCs. To establish a preliminary 
estimate of the number of 42 wt% fuel assemblies that can be stored in a CCC/ISC, two 
calculations were performed. In one calculation six metal assemblies in a CCC/ISC are replaced 
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with six 42 wt% fuel. In the second calculation in a CCC/ISC with five metal and two DF As, the 
five metal assemblies are replaced with five 42 wt% Pu assemblies. As for the metal assembly 
cases, no 42 wt% assemblies are in the center storage position when 42 wt% assemblies and 
DF As are mixed. All cases are with intact fuel assemblies and are water moderated. The 
concrete of the ISC provides reflection. The results are presented in Table 13. Cases grm6c and 
grm5f are from a previous CCC/ISC analysis (Richard 1997). 

Table 13. Fuel Assemblies in CCC/ISC 

CCC/ISC Loading kerr Oc file 

6 42 wt% assemblies 0.8327 0.0028 cccw6 

6 metal assemblies 0.8537 0.0029 grm6c 

5 42 wt%+ 2DFAs 0.8492 0.0029 cccw5 

5 metal+ 2 DFAs 0.8593 0.0029 grm5f 

These results show that a moderated CCC/ISC with 42 wt% PuO2 intact fuel assemblies 
has a lower kerr than a CCC/ISC with metal assemblies or one with five metal assemblies and two 
DF As. This is a good indication that it is likely that at least six 42 wt% PuO2 fuel assemblies 
could be stored in a CCC. However, further analysis is required to assess the effect of hot cell 
rot and to determine loading restrictions, if any. 

6.0 Storage Facilities 

A fuel assembly will reside in a variety of locations as it awaits insertion into the core and 
after discharge from the core. Each storage location has specific criticality requirements that 
must be met. This section addresses the current requirements of IDS and FSF and what will be 

. necessary to allow storage of 42 wt% PuO2 fuel assemblies . . 

6.1 Interim Examination & Maintenance Cell 

Based on the minimum critical number results of Section 5.2, the number of 42 wt% fuel 
units in the IEM Cell shall not exceed 9. Analyses of individual loose pins were not done. 

This analysis does not address the situation of the 42 wt% fuel assemblies being in the 
Cell similtaneously with 31 wt% Driver Fuel assemblies or metal assemblies. The 31 wt% 
assemblies are clearly bounded by the 42 wt% assemblies and having both in the Cell at the same 
time may possibly be allowed with restrictions less stringent than those for the ;42 wt% fuel. 
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Further analysis is needed for conformation. Also, having both metal fuel and 42 wt% fuel in the 
Cell at the same time will require analysis before that is allowed. 

6.2 Interim Decay Storage 

The current IDS ketr criticality limit is 0.90. This limit allows the following fuel types ·to 
be loaded into the 112 storage positions in Rings B, C, D and E of the IDS array without 
restriction : 

• MFF-2, MFF-3 and MFF-4; 
• Assemblies of identical design to MFF-4 which contain uranium metal enriched to 
34.0wt% 235U; 
• DF As containing mixed oxide enriched to 35.0 wt<>/o PuO2 with a 240Pu content of 10.0 
wt% (min.); 
• Type A Assemblies; 
• CRBR-3 and CRBR-5 assemblies after irradiation. 

IfDFAs are limited to 33.0 wt% PuO2 with a 240Pu content of 10.0 wt% (min.), the 
following assemblies may be stored in Rings B, C, D and E ofIDS with a limit of 8: 

• MFF-5 and MFF-6; 
• Assemblies of identical design to MFF-2 which contain uranium metal enriched to 
38.0wt% 235U; 
• DF As containing mixed oxide enriched to 39 wt% PuO2 (max.) with a 240Pu content of 
10.0 wt% (min.); 
• IFR-1. 

Also, table 4 of the A/B pin list allows MFF-8A in IDS. 

It is apparent from the current restrictions that 42 wt% PuO2 fuel assemblies can not, at 
this time, be stored in IDS. Existing analyses show that filling IDS with 112 40 wt% PuO2 with 
11.5 wt% 240Pu fuel assemblies will result in a ketr of 0.957. Since the proposed FFTF 
Tritium/Isotope production mission requires a fuel enrichment of 40 wt% PuO2 with 5.96 wt% 
24oPu, an alternative IDS loading scheme will be required. Currently mixed oxide fuel up to 35.0 
wt% PuO2 with 2: 10.0 wt % 24oPu can be loaded into the storage postfons of Rings B, C, D and E 
without restriction (provided there are no higher enriched assemblies in IDS, such as the MFF's). 
Limiting the number of 42 wt<>/o PuO2 fuel assemblies allowed in IDS sufficiently would result in 
kerr less than 0.90. Another alternative could be to add a neutron poison to IDS. It may be 
possible to take bumup credit for irradiated fuel. These options, or others, will require analysis 
to determine the best IDS loading for 42 wt% fuel assemblies without exceeding the 0.90 kerr 
limit. 
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6.3 Fuel Storage Facility 

FSF was originally designed to store mixed oxide fuel enriched up to 29.3 wt% PuO2• 

Currently up to 31 wt% PuO2 fuel is allowed in FSF with the requirement that rows 1, 2 and 5 
are sealed off and remain empty (Morford 1984). This assures that ~ff will remain below 0.95. 
As with IDS, with a new FFTF mission, FSF will be required to store the higher enriched fuel.' 
To accomplish this could entail adding more neutron poison or restricting the 42 wt% fuel to 
specific rows. Burnup credit for irradiated fuel may be possible. An effort was initiated in the 
past, but not completed, to take credit for burnup in order to open the sealed rows (Morford 
1993). The work was not completed and was based on fuel with enrichments less than 29.3 wt%. 
Like IDS, analysis will be required to determine the best fuel loading scenario for FSF. 

7.0 Contingency Analysis 

This analysis has determined the minimum critical number of 42 wt% fuel assemblies in 
water, sodium and air. To assure the double contingency policy, these assemblies must be 
handled in batches that are less than half that required for a minimum critical number. This 
necessitates a batch limit of 1 (max) assembly. 
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· 1. Introduction 

The Fuels Material Examination Facility/Fuel Assembly Area (FMEF/FAA) 
has been proposed as a location to assemble the targets and fuel assemblies. 
A safety analysis of the area was conducted that concluded the facility met 
all safety requirements (WHC, 1992). The follow1ng accidents were reexamined 
as per Nielsen 1997 in light of current conditions and standards. Accident 
descriptions and frequencies are taken from WHC, 1992. 

1) FMEF Fuel Fabrication 

a. . Criticality in the Fuel Fabrication Line (estimated 
probability of occurrence per year 1.0 E-4 to 1.0 E-6) 

A criticality accident, which would predominantly effect 
onsite individuals, is precluded by design and 
administrative controls. Conservative calculations 
regarding a criticality were developed for safety analysis 
purposes. 

b. Explosion and Release of MOX From the FMEF (estimated 
probability of occurrence per year: 1.0 E-4 to 1.0 E-6) 

An explosion (considered extremely unlikely) is postulated 
to occur in a ~lovebox (due to loss of inert atmosphere with 
solvent present) containing exposed MOX powder. The 
glovebox is assumed to be grossly breached and the room air 

. filled with respirable powder. The first testable HEPA 
· filter is assumed to fail so that the material passes 
through only two stages of HEPAs before being released to 
the environment. The release is assumed to be of short 
duration and at ~round level. 

c. Design .Basis Tornado (estimated probability of occurrence 
per year: 1.0 E-6 to 1.0 E-7) 

A design basis tornado striking the FMEF would result in a 
low consequence accident. This accident has a low estimated 
probability of occurrence per year with no · estimated 
environmental release. 

The accidents will be examined ·as discussed below. The same assumptions · 
used in the FMEF/FAA PSAR will be used in this analysis, although current 
versions of computer codes and current meteorology files will be used. Doses 
to receptors are calculated at 1.5 miles (2400 m) in the worst direction, at 
4.5 miles east (7200 m), for the worst onsite receptor (100 min worst 
location), and at the site boundary location that produces the highest dose. 
A population dose will also be computed in the sector that produces th~ worst 
results. 
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The inhalation and submersion doses are a function of the material 
released, and the atmospheric dispersion between the release point and the 
receptor. The dispersion is characterized by a parameter called the 
atmospheric dispersion coefficient, or X/Q'. The dose to the onsite receptor 
was calculated using the GENII code (Napier, 1988). This dose can be 
multiplied by the ratio of the appropriate X/Q' to determine the dose to 
different receptors. 

Population weighted doses are calculated to evaluate the collective dose 
for the population around Hanford. Because it is impractical to estimate an 
individual dose for ~ach person in a large population, the area within a 80 km 
distance from the source is partitioned into a circular grid consisting of 16 · 
compass directions, and a number of radial distances. The offsite population 
is assumed to extend from the Hanford site. boundary to a circle having a 80 km 
(50 miles) radius centered at the release point. It is assumed that the . 
population distribution within a sector interval (i.e., the area enclosed by 
radial and azimuthal increment) is uniform. For a chronic release the 
weighted estimates are summed over all 16 compass directions, whereas an acute 
release (such as is assumed for this accident analysis) is assumed to affect 
the sectors in a single directions. The direction with the highest population 
weighted X/Q' is used ·for this analysis. Hanford site specific population 
data .from the 1990 census are used. The population data are given in 
Schreckhise, 1993. 

The GXQ code (Hey 1994) was used to determine the maximum onsite and 
offsite receptor X/Q' values. The GXQ output files are included in Appendix 
A, and the GENII output files are included in Appendix B. 

GXQ was also used to perform the X/Q' calculations necessary for the 
offsite population dose estimates. GXQ was run using the sector average 
option to calculate acute population-weighted X/Q'. This option averages the 
plume concentration across the sector to effectively simulate a uniform 
population distribution across the sector. 

·Ingestion doses were calculated at the site boundary· with the GENII 
code. The ingestion doses were calculated for information on~y since any 
measurable contamination of agricultural land due to a release of radioactive 
material at Hanford would result in evacuation of people and interdiction of 
the crops meat and milk, etc. Any actual ingestion dose to the public from 
such a pathway would be determined not only by the severity of the accident 
but also by the effectiveness of the recovery action. The doses from a 50 yr 
exposure and ingestion without including credit for recovery actions does not 
represent a realistic exposure pathway, but is included for information. 

Ingestion doses are presented for both winter and autumn scenarios. 
The winter scenario is based on the assumption that the passing contamination 
falls on bare soil. The potential doses represent the result of crop uptake 
for the next 50 years. The autumn scenario is the worst case for ingestion. 
The airborne contamination is assumed to fall on crops which are about to be 
harvested for human and animal consumption. In both the autumn and winter 
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cases, the effects of meat, milk, and egg consumption are included, as well as 
the direct shine radiation from soil contamination, and internal exposure due 
to inadvertent soil ingestion. Since crops or livestock are not grown on the 
Hanford Reservation, doses are considered only at the site boundary. Details 
of the modelling are described in Napier (1988). 

2.0 Accident Scenarios 

2.1 Criticality 

The dose consequences of a criticality will depend on the magnitude of 
the criticality and integrated energy released, which in turn depends on the 
~umber of fissions that occur during the criticality. The analysis for the 
FAA {Hey, 1991) indicated that since no scenario was developed for this 
accident, a bounding criticality would be assumed. Regulatory Guide 3.35 {NRC 
1979) specifies a criticality with a total number of fissions of 1 x 1019

• It 
was concluded that the criticality in the FAA would be unlikely to exceed this 
magnitude. There is no reason to belie~e that the tritium mission would 
invalidate this assumption. 

The release is assumed to occur through two HEPA filters with an overall 
transmission of 1 x 10·5 for aerosol transmittal (ANSI N46.l-1980). No 
filtration was assumed for noble gases or halogens. The source term, as taken 
from NRC 1979, is shown in Table 1. 
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T bl 1 S a e ource T erm A ssume 

Source Term 
Isotope (Bq) 

Kr-83m 4.1 E12 

Kr-85m 2.6 E12 

Kr-85 3 .0 E07 

Kr-87 I. 6E13 

Kr-88 8.5 El2 

Kr-89 4.8 E14 

Xe-13lm 3.7 E09 

Xe-133m 8.1 ElO 

Xe-133 1.0 El2 

Xe-135m 1. 2 E14 

Xe-135 1.5 El3 

Xe~137 1.8 E15 

Xe-138 4 .1 E14 

I-131 4 .1 Ell 

I-132 4.4 El3 

I-133 5.9 E12 

I-134 1.6 El4 

I-135 1. 7. El3 

Pu-238 2.2 E07 

Pu-239 1.0 E06 

Pu-240 2.2 E06 

Pu-2'41 . 6. 7 E08 

Pu-242 1.6 E04 

Am-241 8.9 E05 

or r1 1 ca 1 .v CCl en 
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d f C ·t· l 't A "d t 

Filter 
Release transmission 
Fraction Factor 

-
1.0 1.0 

1.0 1.0 

1.0 ' 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

' 1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

LO 1.0 

0.25 1.0 

0.25 1.0 

0.25 1.0 

0.25 1.0 

0.25 1.0 

1.0 1.0 E-05 

1.0 1.0 E-05 

1.0 1.0 E-05 

1.0 1.0 E-05 

1.0 1.0 E-05 

l.O 1.0 E-05 
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Release to 
the 
Environment 

. (Bq) 

4.1 El2 

2.6 E12 

3.0 E07 

1.6 El3 

8.5 El2 

4.8 El4 

3.7 E09 

8.1 EIO 

1.0 E12 

1. 2 El4 

1.5 El3 

1.8 E15 

4.1 El4 

1.0 Ell 

1.1 El3 

1.5 El2 

4~0 El3 
, 4.2 El2 

2.2 E02 

1.0 EOl 

2.2 EOl 

6.7 E03 

1.6 E-01 

8.9 EOO 
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In addition to the dose from the plume of radioactive material, the 
onsite receptor will be exposed to a prompt gamma and neutron dose. The 
prompt dose to the onsite receptor was calculated using the formulae given in 
NRC 1979. The prompt dose to the receptors at 1.5 miles and at the site 
boundary will be negligible. 

The prompt gamma dose is given by: 

. (1) 

where 
D

9 
= gamma dose (rem) 

N = number of fissions 
d = distance from source (km) 
f = reduction factor for 8 inches of concrete (2.5) 

The prompt ·neutron dose is given by: 

where 
On= gamma dose (rem) 
N = number of fissions 
d = distance from source (km) 
f = reduction factor for 8 inches of concrete (2.3) 

These equations were used to compute the onsite prompt dose assuming 
1 x 1019 fissions and 100 m distance. The doses were converted to Sv by 
multiplying by 0.01. 

(2) 

Since the original analysis was performed in 1991, additional 
meteorology data have become available and the method used for, the 
determination of X/Q' .has changed, and revisions to the GENII code and the 
code libraries have been made. The source term is the same for this analysis, 
but a revised calculation has been made of the doses in order to be consistent 
with current methods. 

Bounding atmospheric dispersion coefficients were calculated using the 
GXQ code (Hey 1994) as defined by NRC Regulatory Guide 1.145 (NRC 1982). The 
weather conditions are defined to not result -in calculated doses being 
exceeded more than 0.5% of the time for each sector. The data used are nine 
year averaged data (1983-1991) from Hanford meteorology towers. The GXQ 
input and output is given in Appendix B. The distances to the site boundary 
were taken from Hey 1991. The distances and X/Q's are shown in Table 2. 
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T bl 2 o· t a e 1s ances an d At mosp eric 1spers1on h . o· oe 1 cien s or C ff. . t f FMEF 

X/Q' at Distance 
Ons ite X/Q' 1.5 mil es to 
100 m from (2400 m) Offsite 
source from source Receptor Off~ite X/Q' 

Sector s/m3 ( s/m3
) (m) s/m3 

s 3 .17 E-02* 1.65 E-04* 8700 2.90 E-05* 

SSW 2.32 E-02 1. 21 E-04 7000 2.82 E-05 

SW 1.46 E-02 7.53 E-05 7000 1. 67 E-05 

WSW 1.05 E-02 5.22 E-05 13100 3.92 E-06 

w 1. 43 E-02 7.38 E-05 22200 3.61 E-06 

WNW 1. 25 E-02 6.46 E-05 36400 1.83 E-06 

NW 1.53 E-02 7.91 E-05 41900 1.65 E-06 

NNW 2.37 E-02 1. 24 E-04 41900 3.12 E-06 

N 3.17 E-02* 1. 65 E-04* 16200 1.32 E-05 

NNE 2.62 E-02 1. 37 E-04 13100 1.43 E-05 

NE l.68 E-02 8.79 E-05 9000 1.48 E-05 

ENE 1. 50 E-02 7.75 E-05 .7600 1.53 E-05 

E 1.73 E-02 9.04 E..:05 7200 2.03 E-05** 

ESE 1. 61 E-02 8.42 E-05 7500 1. 79 E-05 

SE 2.66 E-02 1.39 E-04 8700 2.44 E-05 

SSE 2.56 E-02 1.34 E-04 8800 2.32 E-05 
. * Maximum X/Q' 

** X/Q' at 4.5 miles (7200 m) E 

The Gaussian plume model assumes a point source and .does not account for 
the effects of structures in the vicinity of the release. The presence of a 
large building will disturb the air flow and result in more dispersion than 
would occur with an isolated point source. This dispersion effect, which is 
referred to as building wake, is accounted for using a model developed for the 
MACCS code. The model is described in Hey 1994. Building cross section 
dimensions of 45.7 m (150 ft) wide by 29.9 m (98 ft) high have been used for 
the FMEF building. The X/Q's with building wake are given in Table 3. 
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Table 3 Distances and Atmospheric Dispersion Coefficients for FMEF with 
B 'ld" Wk MACCS Md 1 Ul mg a e - o e 

Di stance 
Onsite X/Q' X/Q' at to 

100 m from 2400 m from Off site 
Source Source Receptor Offsite X/Q' 

. Sector { s /m3
) ( s/m3

) (m) ( s/m3
) 

s 1. 52 E-03 1.17 E-04* 8700 2.65 E-05* 

SSW 1. 28 E-03 8.66 E-05 7000 2.42 E-05 

SW 1.16 E-03 5.87 E-05 7000 1. 57 E-05 

WSW 9.91 E-04 4.15 E-05 13100 3.75 E-06 

w 1.30 E-03 6.07 E-05 22200 3.54 E-06 

WNW 1. 21 E-03 5.09 E-05 36400 1.81 E-06 

NW 1.21 E-03 6.06 E-05 41900 1. 63 E-06 

NNW 1. 25 E-03 7.92 E-05 41900 3.04 E-06 

N 1.53 E-03* 1.17 E-04* 16200 1.26 E-05 

NNE 1. 41 E-03 9.14 E-05 13100 1.32 E-05 

NE 1.38 E-03 8.35 E-05 9000 1.32 E-05 

ENE 1. 28 E-03 6.38 E-05 7600 1.45 E-05 

E 1.47 E-03 .8. 96 E-05 7200 . l.75 E-05** 

ESE 1.33 E-03 7.89 E-05 7500 1.56 E-05 

SE 1.36 E-03 9.06 E-05 8700 2.16 E-05 

SSE 1.38 E-03 9.01 E-05 8800 2.06 E-05 
* Maximum X/Q' 
** X/Q' at 7200 m E 

The assumed population and population weighted X/Q's out to 80 km {50 miles) 
are shown in Table 4. 
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Population Weighted 
Sector . Population in Sector - X/Q' (Person-m3/s) 

s 26053 1. 99 E-02 

SSW 6982 7.01 E-02 
. SW 10363 4.79 E-02 

WSW 28879 5~65 E-05 

w 26415 5.67 E-03 

WNW 5787 1.04 E-03 

NW 3076 7.44 E-04 

NNW 2945 7.92 E-04 

N 18742 6.14 E-03 

NNE 11095 4.36 E-03 

NE 3453 1.83 E-03 

ENE 3649 2.10 E-03 

E 2800 1.68 E-03 

ESE 3038 1~58 E-03 

SE 51194 3.46 E-02 

s 78757 6.26 E-02* 
* Peak value 

Doses -were calculated using the GENII code (Napier 19e8}. 

The pertinent libraries used were .as follows: 
GENII Dose Calculation Program (Version 1.485 3-Dec 90 ; Napier 1988} 
GENII Default Parameter Values (28-Mar-90 RAP} 
Radionuclide Master Library (11/15/90 PDR) 
External Dose Factors for GENII in person Sv/yr per Bq/n (3-May-90 RAP} 
Internal Dose Increments, Worst Case Solubilities, 7/23/93 PDR 
400 AREA .(HMS} - 10 M - Pasquill A - G (1983 - 1991 Average} 
Population within 80 km of 400 area 1990, created 10/21/91 KR, Revised 
2/4/92 KR (Schreckhise, 1993) 

The GENII code has the option of calculating a X/Q' or calculating doses 
with a X/Q' which is input externally. The· method used for current safety 
analyses is to calculate the X/Q's with GXQ consistent with NRC regulatory 
Guide 1.145 (NRC 1982), and input these X/Q's to GENII. However, GENII will 
not calculate decay in transit, or allow the use of the finite plume model 
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with externally input X/Q's. These models can have significant effects on the 
doses from a criticality. The fo 11 owing was therefore used to calculate 
doses. The doses were initially calculated using the X/Q' calculated by 
GENII. The doses were then multiplied by the GXQ X/Q' over the GENII X/Q'. 
Since the doses are proportional to the X/Q', this correction is an 
appropriate method of combining the decay in transit and finite plume models 
with the NRC regulatory guide 1.145 X/Q's for ground level releases. 

The corrected dose at 100 mis illustrated as ·follows: 

X/Q' calculated by GENII = 
Doses calculated by GENII using 

Inhalation = 
Submersion = 
Total = 

0.046 s/m3 

above X/Q': 
0.12 Sv 
0.063 Sv 
0.18 Sv 

Onsite X/Q' with building wake calculated by GXQ = 0.00153 s/m3 (from Table 3) 

Adjusted inhalation dose - 0.12 Sv x 0.00153/0.046 = 0.0040 Sv 

Adjusted submersion dose - 0.063 Sv x 0.00153/0.046 = 0.0021 Sv 

Adjusted total dose from plume - 0.18 Sv x 0.00153/0.046 = 0.0060 Sv 

The onsite doses are shown in Table 5. The prompt gamma and neutron 
doses are added using Equations 1 and 2. 

Table 5 Dose at Onsite Receptor 

Dose Type Dos·e (Sv} 

Inhalation 4.0 E-03 

Submersion 2.1 E-03 

Prompt Gamma 6.0 E-02 

Prompt Neutron 1.8 E-01 

Total 2.5 E-01 

Doses at other receptor locations are computed by multiplying the sum of 
the inhalation and submersion dose times '. the ratio of the X/Q's. X/Q's are 
taken from Table 3. The prompt gamma and neutron doses are negligible at the 
site boundary due to the distance to the site boundary. The doses at all five 
receptor locations are summarized in Table 6. 
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Table 6 D s Critical' -
Receptor Location Dose (Sv)* 

100 m 2.5 E-01 

1.5 miles (2400 m) 4.6 E-04 

, 4.5 miles (7200 m) E 6.9 E-05 

Worst Case Site Boundary 1.0 E-04 

Population Weighted 2.5 E-01* 
p 

The equivalent doses from Hey 1991 are 0.32 Sv onsite and 1.3 x 10-4 Sv 
at the worst case site boundary (offsite). · The onsite and offsite doses with . 
the new mix are slightly lower than the doses with the original FMEF mix. The 
new onsite and offsite doses are well below the risk guidelines for extremely 
unlikely events (1 Sv onsite and 0.25 .Sv offsite). The differences are due to 
the revised meteorology data and analysis methods;. the tritium mission has no 
effect on this accident. 

Ingestion doses were cacluated using GENII with a X/Q of 1 s/m3
, and the 

results are presented in Appendix B. The ingestion doses at a specific 
location are computed by multiplying the doses with a unit X/Q by the 
appropriate X/Q corresponding to the receptor location. Since crops or 
livestock are not grown on the Hanford Reservation, doses are computed only at 
the site boundary. The ingestion results are summarized below: 

Ingestion and ground contamination doses with a X/Q of l s/m3 from the 
GENII case in Appendix Bis 1.2 Sv for the winter scenario and for the autumn 
scenario is 36 Sv . 

X/Q at worst case offsite receptor = 2.65 x 10-5 s/m3 (from Table 3) 

. Ingestion doses 

winter 1.2 Sv x (2.65 x 10-s s/m3)/(l s/m3
) = 3.2 x 10-s Sv 

autumn 36 Sv X (2.65 x 10-s s/m3)/(l s/m3
) = 9.5 X 10-4 Sv 

2.2 Explosion and Release of Pu02 

The FMEF PSAR (WHC 1992) reports onsite and offsite doses for a release 
of Pu02 • The accident scenario assumed 100 g of Pu02 is dispersed into the 
ventilation system. Two stages of HEPA filtration reduces the release from 
the facility to 0.001 g. The explosive force in this scenario is small enough 
that the building and the HEPA filter integrity are not damaged. The GENII 
calculation in Appendix B were performed for a 1 g release with a X/Q' 
including building wake effects. The GENII doses are multiplied by 0.001 
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since the release quantity is 0.001 g. Calculations were performed for both 
the current Pu mix and the FMEF PSAR mix. The Pu isotope distributions for 
both mixes are _shown in wt% and Ci/gin Table 7. 

T bl 7 Pl t a e u on1um I t so ope M' 1xes or rig ma an r1 1um 1ss1on f O .. 1 FMEF d T 't' M' 

Isotope Oriqinal FMEF Mix Tritium Missipn Mix 

Wt% Ci/q of PuO., Wt% Ci/g of PuO., 

Pu-236 3.00 E-07 1. 41 E-06 0.00 E+OO 0.00 E+OO 

Pu-238 6.00 E-02 9.06 E-03 3.29 E-03 4.97 E-04 

Pu-239 8.13 E+02 4.45 E-02 9.30 E+02 5.09 E-02 

Pu-240 1.66 E+Ol 3.32 E-02 5.96 E+OO 1.19 E-02 

Pu-241 1.34 E+OO 1. 22 E+OO 4.19 E-02 3.81 E-02 

Pu-242 3.50 E-01 1.22 E-05 1.00 E-02 3.48 E-07 

Am-241 3.50 E-01 1.06 E-02 6.63 E-01 2.01 E-02 

236Pu was included in the original FMEF isotope mix but was not included 
in the revised list . . The absence of 236Pu will not have an impact since the 
236Pu doses are negligible. The onsite dose at 100 m for the mix has been 
calculated for both mixes using the GENII code. The X/Q' with building wake 
of 0.00153 s/m3 was assumed for the onsite dose. Libraries used are listed 
below. PNL solubilities were used rather than worst case solubilities because 
the PNL solubility data corresponds to Pu oxide. 

GENII Dose Calculation Program (Version 1.485 3-Dec 90; Napier 1988) 
GENII o·efault Parameter Va 1 ues (28-Mar-90 RAP) 
Radionuclide Master Library (11/15/90 PDR) 
External Dose Factors for GENII in person Sv/yr per Bq/n (8-May-90 RAP) 
PNL Solubilities, Yearly Dose Increments, 7/23/93 PDR · 
400 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average) 
Population within 80 km of 400 area 1990, created 10/21/91 KR, 
Revised 2/4/92 KR ·(Schreckhise 1993) 

The doses for the two mixes are shown in Table 8. 
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T bl 8 D a e ose C 1 1 t· f a cu a 10n or a R 1 e ease o f O 001 . q 0 f P 02 u 

Onsite Dose for the Onsite Dose for the 
Release of 0.001 g of Release of 0.001 g of 
the Original FMEF Pu02 
Mix 

the New Pu02 Tritium 
Mission Mix 

Receptor Location (Sv) (Sv) 

Onsite 1. 9 E-04 1.4 E-04 

1.5 miles 2400 m 1. 5 E-05 1. I E-05 

4.5 miles east 2.2 E- 06 1.6 E-06 

Worst Case Site 3.3 E-06 2.4 ~-06 
Boundary · 

Population Weighted 7.7 E-03 5.7 E-03 
Dose* 

*Po ulat1on we1 hted dose p g units are p erson-Sv 

It can be seen in Table 8 that the doses for the original Pu mix are 
larger than the doses for the tritium mission mix. The release mechanisms and 
release fractions remain constant from the original PSAR analyses. The doses 
from Hey 1991 are 1.0 x 10-3 Sv onsite and 3.6 x 10-6 Sv at the worst case site 
boundary. The new doses are slightly smaller. Doses are well below the risk 
guidelines of 0.25 Sv onsite and 0.05 Sv offsite for unlikely events. It can 
therefore be concluded that the dose in the PSAR bound potential releases of 
Pu02 powder that might occur as a result of the tritium mission. 

This calculation w.as done for pure' PuO powders. However, doses from 
mixed oxide are also bounded by the FMEF anaiyses, since the FMEF analyses 
considered up to 50% enrichment. The 50% Pu enrichment bounds the peak 
proposed tritium mission enrichment of 42%. 

Ingestion doses were also computed for each Pu mix assuming a releases 
of 0.001 gas was done for the inhalation dose case. Ingestion doses were 
cacluated using GENII for a release of 1 g with a X/Q of I s/m3

, and the 
results are presented in Appendix B. The ingestion doses at a specific 
location are computed by multiplying the doses with a unit X/Q by the 
appropriate X/Q corresponding to the receptor location. Since crops or 
livestock are not grown on the Hanford Reservation, doses are computed only at 
the site boundary. The ingestion results are summarized below. 

Dose with a X/Q of I s/m3
, 1 g release: 

winter scenario original Pu mix 
tritium mission mix 

autumn scenario original Pu mix 
tritium mission mix 

15 rem = 0.15 Sv 
9.8 rem = 0.098 Sv 

1.2 x 104 rem = 120 Sv 
8.6 x IO~ rem = 86 Sv 
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Dose at site boundary {X/Q = 2.65 x 10·5 s/m3 from Table 3), 
0.001 g release: 

winter scenario original Pu mix 
tritium mission mix 

autumn scenario original Pu mix 
tritium mission mix 

4.0 X 10"9 Sv 
2.6 X 10"9 Sv 

3.2 X 10"6 Sv 
2.3 X 10"6 Sv 

The ingestion dose for the tritium mission Pu mix is lower than the 
ingestion dose for the existing mix. The conclusion that the original Pu 
isotope mix bounds the tritium mission Pu isotope mix is also true for 
ingestion doses. 

2.3 Tornado Analysis -

The analysis for the tornado in the PSAR concluded that there would be 
no releases from FMEF/FAA due to a tornado event. This conclusion is not 
affected by the tritium mission since the design and operating conditions 
assumed in the original FMEF analysis are unchanged. The conclusions in the 
FMEF PSAR are still valid. 
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1 APPENDIX E.3 
2 
3 
4 325 BUILDING ACCIDENT ANALYSES 
5 
6 
7 For this analysis, one bounding event was identified in each of the 
8 frequency categories evaluated in the SAR (anticipated, unlikely, or extremely 
9 unlikely) to identify the events that result in both maximum consequence and 

10 maximum risk to onsite and offsite receptors. All types of events that could 
11 potentially apply to medical isotope processing were evaluated to determine 
12 which scenarios could result in the maximum release for each frequency 
13 category. The events chosen for analysis in this document included a 
14 localized fire in the anticipated category, an unlikely seismic event, and a 
15 severe explosion with loss of support services for the extremely unlikely 
16 scenario. The analysis is intended to provide an upper bound for the 
17 potential consequences of the proposed activities, and any new processes would 
18 be subjected to a complete safety analysis before implementing the processes 
19 to ensure compliance with all applicable safety guidelines and standards. 
20 
21 Potential accidental releases of radioactive materials during medical 
22 isotope processing were estimated using bounding radionuclide inventories for 
23 the target systems most likely to be considered for production of medical 
24 isotopes in FFTF. Release fractions for the radionuclides were calculated 
25 using the same assumptions as those used for similar types of materials in the 
26 SAR scenarios. Doses were calculated for onsite co-located workers, the 
27 nearest access point for a member of the public, and the collective population 
28 within 50 miles (80 kilometers) of the 300 Area. 
29 
30 Dose calculations were performed using the GENII computer software 
31 package (Napier et al 1988) for radionuclides that were available in the data 
32 libraries for the code. The remainder of the radionuclides were evaluated 
33 using hand calculations, based on published internal and external dose factors 
34 (DOE 1988a, DOE 1988b) with th~ same assumptions used for the software 
35 calculations [note: these analyses are still in progress]. Exposure pathways 
36 included in the analysis were external exposure from plume submersion and 
37 inhalation during the entire plume passage. External exposure from 
38 radionuclides deposited on the ground was evaluated for the duration of the 
39 plume passage in the case of the onsite worker and a member of the public at 
40 the nearest point of access. The population within 50 miles was assumed to be 
41 exposed to radionuc~ides on the ground surface for 2,900 hours per year. 
42 
43 Releases from the facility were conservatively assumed to occur at or 
44 below the building roof level, with a minimum correction for building wake 
45 effects. Wind conditions that would not occur more than 0.5% of the time were 
46 used to determine downwind radionuclide concentrations and doses in the 
47 transport analyses. In risk computations, this set of conditions was assumed 
48 to be 1% as likely as the "expected" atmospheric conditions, which are 
49 typically at the 50th percentile. Therefore the risks calculated for this 
50 analysis include both the frequency of the initiating event and the relative 
51 frequency of the atmospheric conditions used in the evaluation compared to the 
52 expected conditions (or a factor of 0.01). 
53 
54 
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Health and Safety Consequences of Medical Isotope Processing at the Hanford Site 325 
Building 

1.0 INTRODUCTION 

Potential activities associated with medical isotope processing at the Hanford Site 325 Building 
laboratory arid hot cell facilities are evaluated to assess the health and safety consequences if 
these activities are to be implemented as part of a combined tritium and medical. isotope 
production mission for the Fast Flux Text Facility (FFTF). 

The types of activities included in this analysis are unloading irradiated isotope production 
assemblies at the 325 Building, recovery and dissolution of the target materials, separation of 
the product isotopes as required, and preparation of the isotopes for shipment to commercial 
distributors who supply isotopes to the medical community. Possible consequences to 
members of the public and to workers from both radiological and non-radiological hazards are 
considered in this evaluation. 

Section 2 of this document describes the assumptions and methods used for the health and 
safety consequences analysis, section 3 presents the results of the analysis, and section 4 
summarizes the results and conclusions from the analysis. 

2.0 METHODS AND ASSUMPI'IONS FOR HEAL TH AND SAFETY ANALYSIS 

The assumptions and methods used to estimate potential health and safety consequences of 
processing medical radioisotopes at the 325 Building are described in the following sections. 
In general, possible types of health consequences fall into two major categories -- those 
resulting from exposure to radionuclides, and nonradiological injuries or illnesses resulting 
from workplace accidents or exposure to hazardous chemicals. Radiological consequences 
result from exposure to radioactive materials that are produced in conjunction with the medical 
isotope mission. These materials may consist of some types of initial target material, 
impurities and activation products that result from irradiation of the targets, medical isotope 
products, and some waste materials. 

2.1 Assumptions for Medical Isotope Production 

The basic assumptions for medical isotope production used to evaluate the potential health 
consequences are summarized in Table 1. The table includes a list of the 30 medical isotopes 
that are candidates for production at FFTF, associated target materials, and production 
quantities (based on target assembly capacity and projected market demand). With the 
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exception of Ra-226, all of the targets are initially made from non-radioactive materials. Ra-
226 serves as the target material for Ac-227, Th-228, and Th-229. Irradiation times for 
isotopes produced in the rapid retrieval assemblies are assumed to be either 10, 25, or 50 
days. The long irradiation assemblies may remain in the reactor for one or more operation 
cycles, which are assumed to last 100 days. 

Following irradiation at FFTF, the medical isotope targets would be brought to the 325 
Building for required processing and packaging for offsite shipment. Processing for most of 
the isotope targets would include removal of the target materials from the assembly cladding, 
dissolution of the target material, chemical separation of the product isotopes from the target 
material or other impurities when required, packaging of the product for shipment, and waste 
disposal. 

In two cases, the product isotopes would be produced by irradiation of gaseous targets. 1-125 
would most likely be produced by circulating Xe-124 through the reactor core in a continuous 
loop. The 1-125 would be trapped by an in-line filter that would periodically be removed and 
transported to the 325 Building. The 1-125 would be transferred from the filter to an aqueous 
solution for further processing or distribution. For this analysis, the filters were assumed to 
be removed and processed up to 17 times per year. Xe-127 would also be produced from a 
xenon gas target encapsulated in long-term irradiation vehicle assemblies. Processing of that 
isotope would consist only of transferring it from the target pins to another suitable container 
for offsite shipment. 

2.2 Basis for Radiological Health Consequences 

The basis for estimating radiological health consequences is described in the following 
sections. Health consequences of exposure to radioactive materials can be divided into two 
general categories: 1) nonstochastic effects where the severity of the effects typically depend 
on the magnitude and duration of the exposure, and which occur at relatively high total doses, 
and 2) stochastic effects where the frequency or probability of the effect (rather than the 
severity of the effect) depends on the magnitude of the exposure, and which are manifested 
primarily at lower doses than those required to produce nonstochastic effects. Nonstochastic 
effects are assumed to occur only at doses above a specific threshold for each type of effect, 
whereas for radiation protection purposes, the risk of stochastic effects is assumed to be 
proportional to the dose even to very low levels. Examples of nonstochastic effects include 
reproductive sterility, cataracts, and depression of blood cell production. Examples of 
stochastic effects include radiation-induced cancers and genetic effects in offspring of exposed 
individuals. 

2 
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Estimating the frequency or probability of stochastic effects such as cancer is a two-step 
process . The first step is to estimate the radiation dose to an individual or population through 
all applicable exposure pathways. The second step converts the radiation dose to a frequency 
or probability of the health effect of interest using a conversion factor. The methods used to 
estimate radiation doses and potential health effects are described in the following sections. 

2.2.1 Radiological Dose Estimates 

Radioactive materials released to the environment may result in radiation doses to individuals 
that come into contact with them through a number of potential exposure pathways. Those 
typically considered for environmental dose assessments include external exposure to 
penetrating radiation (such as x-rays or gamma rays) from radionuclides in the air, in water, or 
on the ground near the individual's location. Radioactive materials can also be taken into the 
body by inhaling radioactive material in the air, or by ingesting food or water that contains 
radionuclides. 

External radiation exposure may also occur from exposure to sealed sources containing 
radionuclides that emit penetrating radiation. Regulatory requirements for management of 
such sources make exposure to members of the public via this mechanism very unlikely; 
however, this assessment does consider external exposure from irradiated medical isotope 
target assemblies to workers . The procedures used to estimate doses for environmental 
releases of radionuclides and direct exposure to radioactive sources are described in the 
following sections. 

2.2.1.1 Basis for Radiation Dose Estimates. Radiation doses for this assessment were 
calculated according to methods recommended by the International Commission on 
Radiological Protection (ICRP)in Publications 26, 30, and 48 (ICRP 1977, ICRP 1979-1988, 
ICRP 1986). The GENII software system (Napier et al _1988), which implements these 
recommendations was used to model transport, exposure, intake and dose for radionuclides 
released to the atmosphere. Because processing of medical isotopes would not generate liquid 
effluents that are released to public waterways, exposure to waterborne radionuclides is not 
considered applicable for this analysis. 

The MICROSHIELD software package (Worku and Negin 1995) is used to assess potential 
external exposure rates to involved workers from unshielded medical isotope assemblies during 
accidental events. MICROSHIELD calculates external dose rates for radioisotope sources 
with various source and shield geometries. For this analysis, workers are assumed to be 
located at an effective distance of 3 m from an unshielded medical isotope target assembly. 
The geometry of the source was assumed to be a cylinder with an effective volume and 

3 
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dimensions similar to those of either the rapid retrieval or long-term irradiation vehicle 
assembly used for each isotope. 

2.2.1.2 Atmospheric Dispersion Airborne Emissions. Dispersion of radionuclides released 
to the atmosphere from the 325 Building stack, or from other possible exit points in the facility 
during accidents, are modeled using a straight-line Gaussian plume dispersion model as 
implemented in the GENII software system. The air transport models in GENII use a joint 
frequency distribution of wind speed, wind direction, and atmospheric stability to estimate 
downwind radionuclide air concentrations under both routine (chronic) and accidental (acute) 
release conditions. The meteorological data used for this assessment were collected at the 300 
Area 10-m tower during the years 1983-1991 (Schreckhise et al 1993). 

For routine emissions of radionuclides via the 325 Building stack, the air transport model in 
GENII was used to generate annual average air concentrations at the selected receptor 
locations. For accidental emissions during a relatively short event (less than 8 hours) , 
bounding atmospheric dispersion conditions are assumed (those that generate pollutant 
concentrations that would be exceeded only 0.5 % of the time in the given transport sector). 
Releases from the facility are assumed to occur at or below the building roof level , with a 
simple correction for building wake effects. 

2.2.1.3 Receptors Evaluated for Airborne Emissions. Receptors for estimating the 
maximum impacts from routine emission included an on-site co-located worker, an individual 
off-site resident, and the population within 50 mi (80 km) of the 300 Area. The location for 
the on-site worker corresponds to the point of maximum, annual , ground-level impact from 
potential 325 Building emissions (300 m NE of the facility stack). The location of the off-site 
resident corresponds to a similar maximum impact point for an off-site residence ( on the east 
bank of the Columbia River, about 1500 m NE of the 325 Building). Population impacts are 
calculated using population distribution information compiled from 1990 census data (Beck et 
al 1991) and are summarized in Table 2. 

In the case of accidental radionuclide emissions to the atmosphere, doses are calculated for the 
maximally impacted co-located worker, the nearest access point (e.g. , roadway , river bank, 
Site fenceline) for a member of the public, the maximally impacted off-site residential location, 
and the collective population within 50 mi (80 km) of the 300 Area. The co-located worker 
was evaluated at a point 100 m northeast of the 325 Building in the direction of the maximum 
short-term downwind air concentration. The publicly accessible location having the greatest 
short-term air concentration is 470 m west-northwest of the 325 Building. The maximum dose 
for an offsite resident is evaluated for a location about 1,300 m east-northeast of the facility , 
(on the far side of the Columbia River) . The maximum collective dose to the offsite 
population is calculated assuming that the entire release is transported toward the direction that 
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produced the highest collective exposure to airborne radionuclides. For accidental releases at 
the 300 Area, transport to the south produced the maximum collective population dose. 

2.2.1.4 Exposure Pathways Included in Dose Calculations for Airborne Emissions. 
Exposure pathways for routine radionuclide emissions from the 325 Building included 
inhalation and external exposure via plume submersion and ground deposition for all 
receptors . Ingestion of locally grown food is also considered for the offsite individual resident 
and collective population. Exposure and consumption parameters for the routine emissions 
dose assessment are summarized in Table 3, and correspond to those recommended for use at 
Hanford in Schreckhise et al (1993). 

Exposure pathways for accidental radionuclide releases to air are external exposure from 
plume submersion and inhalation during the entire plume passage at all receptor locations. 
External exposure from radionuclides deposited on the ground is evaluated for the duration of 
the plume passage in the case of the onsite worker and a member of the public at the nearest 
point of access . The individual off-site resident and the collective population within 50 mi is 
assumed to be exposed to radionuclides on the ground surface for the entire year using an 
average effective outdoor exposure time. No protective actions are assumed other than 
evacuation of onsite personnel after the end of the event. 

Doses from the ingestion pathway are also calculated for the off-site receptors to determine the 
extent to which protective actions (interdiction or quarantine of contaminated food , for 
example) might be required in the event of an accident. Ingestion doses are estimated for a 
release that occurs in the Winter, (minimum food contamination) , and in the Autumn 
(maximum food contamination,) in order to calculate the range of consequences that might 
result. Doses from ingestion are reported separately from the inhalation and external pathway 
doses because DOE safety _review guidelines do not apply to ingestion doses . Exposure and 
consumption parameters for the accident dose assessments are summarized in Table 4, and 
correspond to those recommended for the Hanford Site in Schreckhise et al (1993). 

2.2.2 Health Effects of Radiological Exposures 

Estimates of health consequences from radiological exposures to workers and the public are 
based on recommendations of the International Commission on Radiological Protection (ICRP 
19911- The consequences in terms of latent cancer fatalities and total detrimental health effects 
are present~d in Table 5 for both adult workers and the general population. The total 
incidence of detrimental health effects includes both fatal and nonfatal cancers and severe 
hereditary effects. The higher rates for health effects in the general population account for the 
presence of more sensitive individuals, such as children, compared with the relatively 
homogeneous population of healthy adults in the work force . 
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The ICRP dose-to health effects conversion estimates are based ort radiation exposures to 
relatively large populations at higher doses and dose rates , and by different pathways, than 
those normally encountered in the environment. In addition, the health effects coefficients in 
the table are based on collective doses to the entire exposed population. Collective dose is 
defined as the sum of doses to all individuals in the population, who may exhibit a wide range 
of susceptibility to radiation-induced health effects. The health effects coefficients are 
therefore associated with substantial uncertainty when applied to dose estimates for 
individuals, whose sensitivity may differ from the population average. However, the 
assumptions used to develop the health effects coefficients are sufficiently conservative that 
they would be "unlikely to underestimate the risks" (ICRP 1991). 

Although DOE recommendations for NEPA documents favor presenting health risks in terms 
of potential radiation-incluced cancer fatalities , recent investigations into the health effects of 
low level radiation exposure have cast doubt on the utility of estimating radiation-induced 
health effects at very low environmental exposure levels . The Health Physics Society , an 
organization of over 6,800 radiation protection professionals, recently issued a position paper 
that made the following recommendation: 

"In accordance with current knowledge of radiation health risks, the Health Physics 
Society recommends against quantitative estimation of health risk below an individual 
dose of 5 rem in one year or a lifetime dose of 10 rem in addition to background ) 
radiation. Risk estimation in this dose range should be strictly qualitative accentuating 
a range of hypothetical health outcomes with an emphasis on the likely possibility of 
zero adverse health effects. . . . There is substantial and convincing scientific evidence 
for health risks at high dose. Below 10 rem (which includes occupational and 
environmental exposures), risks of health effects are either too small to be observed or 
are non-existent." 
(Health Physics Society Newsletter, March 1996) 

Although tha:t ·position would not necessarily reflect the unanimous opinion of all the society's 
members, it does reflect the concern of radiation protection professionals that potential 
exposures to radiation for beneficial purposes should be placed in proper perspective. The 
quantitative risks presented in NEPA documents therefore provide a bounding estimate of the 
potential consequences, which in many cases are likely to be non-existent. 

Risk, as defined for this analysis, refers to the potential health consequences of an activity to a 
popuJation or an individual weighted by the frequency with which that activity, event, or 
consequence is expected to occur. Estimates of the latent cancer fatality (LCF) risk associated 
with routine operations assume that the consequences would occur; that is , the events that 
produce the dose to an individual or population have an expected frequency of 1.0. 
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In the case of accidents , the risk of LCF incorporates the expected frequency of the event that 
produces a potential dose, including the relative frequency of the atmospheric conditions that 
produce the estimated consequence. The atmospheric conditions that are used for the accident 
analyses produce downwind air concentrations that would be exceeded only 0.5 % of the time. 
Those conditions are assumed to be 1 % as likely as the "expected or mean" atmospheric 
conditions , which are typically at the 50th percentile. Therefore , the risks calculated for this 
analysis include both the frequency of the initiating event and the relative frequency of the 
bounding atmospheric conditions. The risk for radiological accidents is numerically equal to 
the hypothetical dose to an individual or population (if the event occurs) multiplied by the 
health effects coefficient for the endpoint of interest and the estimated event frequency . Risks 
for accidents are reported per year of operation where the expected duration of the proposed 
action is not known. 

2.3 Basis for Non-radiological Health Consequences · 

Nonradiological risks to workers from occupational illness or injury are based on statistics for 
DOE and DOE contractor experience (DOE 1996). The average "total recordable case rate" 
for the years 1990-1994 was 4 .1 per 200,000 worker hours . Using the standard assumption 
for DOE and contractors of 1830 hours per year for a full-time-equivalent worker (FTE), the 
average total recordable case rate amounts to about 0.038 per FTE, or about 1 for every 27 
FTEs. The rates were somewhat higher for construction activities , which accounted for about 
18% of the reportable cases and about 10% of the work force in 1995 (or about 1 case per 15 
FTEs). Total recordable cases include all work-related deaths , illnesses, and injuries that 
impair worker performance or require medical treatment beyond first aid. Of DOE's total 
recordable cases in 1995, 0.06% were fatalities , 45% were lost workday cases, and slightly 
less than 55 % were nonfatal cases without lost work time. 

In accordance with DOE policy that the level of analysis should be .commensurate with the 
level of risk, consequences to workers and the public from routine exposure to hazardous 
chemicals are not evaluated in detail for the medical isotope processing. Although chemicals 
such as acids and solvents would be involved in preparation of some isotopes for shipment, the 
quantities of material in use at any time would be sufficiently small that they would not present 
a substantial risk. In addition, all activities would be conducted in fume hoods , glove boxes, 
or hot cells to control potential radionuclide releases . These controls would also serve to 
minimize worker and public exposures to hazardous materials that may be involved m the 
processes. 

Accidental risks to workers from handling hazardous chemicals would be included in the 
overall risk of occupational illness or injury based on experience at DOE facilities, and which 
was used to evaluate those consequences . Because of the limited quantities of material in use 
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during processing, accidents involving these materials are not expected to result in adverse 
consequences outside the immediate area. Therefore, consequences to workers outside the 
facility or to members of the public are not evaluated. 

3.0 RESULTS OF THE HEALTH AND SAFETY EVALUATION 

Potential exposures of workers and members of the public to radiological and non-radiological 
hazards were evaluated for both routine operations and potential accident scenarios during 
processing of medical isotopes. For routine operations and accidents that might result in air 
emissions , the releases were estimated from the radionuclide inventories that might be in 
process at any time (typically the inventory of a single rapid retrieval or long term irradiation 
target assembly) . Because of the need to process and ship the short-lived isotopes quickly , the 
probability of more than one assembly undergoing processing simultaneously in the same area 
of the 325 building is relatively small. Release fractions for these materials during normal 
handling and postulated accident events are based on scenarios evaluated in the 325 Building 
Safety Analysis Report (SAR) for similar types of processes (PNNL 1997). The projected 
radionuclide inventories and emissions for both routine processing and accidents are listed in 
Table 6. Doses and risks were calculated for applicable receptors using the methods described 
in the previous section. 

3.1 Routine Radiological Consequences of Medical Isotope Processing at the Hanford 
Site 325 Building 

Potential air emissions from medical isotope target processing are estimated to determine the 
dose and consequences to co-located workers and members of the public. The potential 
emissions are based on a laboratory powder spill scenario in the 325 Building SAR (PNNL 
1997) as a conservatively high estimate of the releases that might occur as a result of normal 
handling during processing of the target assemblies . Ventilation systems in all of the 
laboratories that could be used for medical isotope processing include at least two sets of tested 
HEPA filters. Therefore, the emission estimates include removal by both HEPA filters , 
assuming that the second filter operates at 10 % of th~ tested particulate removal efficiency. 
The estimated release was calculated from the target radionuclide inventories , the respirable 
release fraction, and the HEPA removal efficiencies as follows: 

Powder Spill Release Fraction 
Respirable Fraction 
HEPA Removal (stage 1) 
HEP A Removal"(stage 2) 

= 2E-3 
= 3E-1 
= 5E-4 
= 5E-3 
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Overall Release Fraction = 1.5E-9 
Release During Processing = l .5E-9 x Target Inventory 

The doses calculated for processing a single target were multiplied by the maximum number of 
targets that could be processed in a year to obtain the annual dose rates from target processing. 
For purposes of this analysis , it is assumed that up to three long term irradiation or 50 rapid 
retrieval targets of a single isotope type could be processed during a calendar year. In actual 
practice, it is implausible that these many targets of one type would be produced in a given 
year; however this analysis bounds the consequences that would occur for any possible 
mixture of isotopes that may actually be processed at the 325 Building. 

Results of the analysis are presented in Table 7 for both a single target assembly and annual 
emissions during processing at the 325 Building. Processing Ra-226 targets results in the 
highest doses to an onsite worker (less than 4E-05 mrem/y) with an associated latent cancer 
fatality (LCF) risk of about 2E-11. For offsite residents , processing the Ra-226 targets 
resulted in a maximum individual dose of 7E-05 mrem/y and 4E-11 risk of LCF. This dose is 
well below the 40 CFR 61 regulatory standard of 10 mrem/year for DOE facilities . The 
corresponding collective dose to the population was about lE-03 person-rem/y and the 
associated LCF risk was about 6E-07 (less than 1 in 1,000,000). 

3.2 Routine Radiological Exposure to Involved Workers from Medical Isotope Target 
Processing 

Radiological doses to DOE workers are limited to 5 rem/yr (0.05 Sv/yr) EDE by standards in 
10 CFR Part 835, and in practice they are typically controlled to 0.5 rem/yr (0.005 Sv/yr) by 
site-specific administrative procedures unless special justification and approval are obtained. 
During 1995, the collective dose to workers in the 325 Building laboratories, including the 
shielded facilities, was about 10 person-rem ( 0.10 person-Sv), or an average of 0.1 rem/y 
(0.001 Sv/yr) for the 100 workers employed in the facility. The 325 Building average worker 
dose was similar to the Hanford Site average for workers with a measurable (i.e., non-zero) 
dose during 1995, which was 0.12 rem (0.0012 Sv). Assuming that up to 12 workers would 
be involved in medical isotope target processing, and that they would experience similar 
radiological doses , their collective dose would be less than 2 person-rem/yr (0.02 person
Sv/yr). At the maximum, 12 workers exposed at the 0.5 rem/y administrative limit would 
accumulate a collective dose of 6 person-rem/y. 
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3.3 Potential Radiological Accidents at 325 Building During Medical Isotope Processing 

The accident analysis included identification of a set of potential accidents that could occur at 
the 325 Building during medical isotope processing, based on scenarios evaluated in the 325 
Building SAR for similar types of processes (PNNL 1997). The set of accidents evaluated for 
the SAR was selected using a standard Preliminary Hazards Analysis (PHA) to identify the 
potential hazardous conditions in facility operations and to determine the significance of 
potential accidents. The types of events considered in the SAR included operator errors and 
handling accidents, fires and explosions, natural phenomena such as seismic events, criticality, 
and external events such as loss of support services. Events that were demonstrated to have a 
frequency less than 1 in 1 million are considered incredible and are not evaluated in detail in 
the SAR or in this document. The potential for an aircraft impact on the facility is evaluated 
in the SAR and is found to fall into the incredible frequency category. 

For this analysis, one bounding accident scenario is identified in each of the frequency 
categories evaluated in the SAR (anticipated, unlikely, or extremely unlikely) in order to 
identify the events that result in both maximum consequence and maximum risk to onsite and 
offsite receptors. All types of events that could potentially apply to medical isotope processing 
are evaluated to determine which scenarios could result in the maximum radionuclide release 
for each frequency category. The analysis is intended to provide a conservative estimate for 
the potential consequences of the proposed activities, and any new processes would be 
subjected to a complete safety analysis before implementation to ensure compliance with all 
applicable safety guidelines and standards. In addition, safety guidelines for the 325 building 
are established to limit the risk from accidents considering all activities in the building. 
Events that may cause concurrent emissions from more than one area or activity in the 
building are evaluated to control the maximum quantity of material "at risk" from all ongoing 
activities and maintain overall risks for the facility within safety guidelines. 

Potential accidental releases of radioactive materials during medical isotope processing are 
estimated using projected radionuclide inventories for the target systems most likely to be 
considered for production of medical isotopes in FFTF. Release fractions for the 
radionuclides are calculated using the same assumptions as those used for similar types of 
materials in the SAR scenarios. The following section contains a description of the accident 
scenarios and the pertinent assumptions used to estimate the radionuclide emissions and 
receptor doses for each case. 
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3.3.1 Anticipated Category Events 

The 325 Building SAR identified a number of accident scenarios that fall into the "anticipated" 
frequency category (frequency greater than 0.01 per year). The types of accidents that fell 
into this category included the following : 

• Localized Solvent Fire,Localized Solid Fire , 
• Spill in a Hot Cell, and 
• Spill in a Laboratory. 

Of these events , the applicable scenario with the highest radionuclide release was the solvent 
fire . 

A localized fire of sufficient severity to produce radionuclide releases is estimated to occur no 
more than once in 10 years . The upper bound frequency of such an event was supported by 
the fire loss history at Hanford over a 45-year period, during which time the site experienced 
10 fires that resulted in significant property loss. Of those fires, 6 potentially involved 
radioactive materials, and 2 of the 6 events occurred in laboratory facilities. No fires of that 
magnitude have occurred in the 325 Building since it was occupied in 1953, and they would 
not be expected to occur routinely in that facility because of the facility design, administrative 
controls on conduct of operations , and the fire protection program. 

The heating, ventilation, and air conditioning (HVAC) system is assumed to be operating 
during and after the fire . Combustibles (e.g . solvent-soaked rags) are assumed to be present in 
sufficient quantity to support combustion. The source terms used in this accident scenario 
were based on radioactive materials representative of anticipated medical isotope processing 
activities in the hot cells and other laboratories in the facility . Manual fire suppression is 
assumed not to occur or to be ineffective .. 

The final HEP A filters are assumed to be unaffected by the fire because they are located in a 
facility separate from the 325 Building. This assumption is based on the observations that the 
primary filters would stop most smoke particles and that air dilution would cool the hot gases 
leaving the laboratory or hot cell so the final HEP A filter bank would not be subjected to 
extreme temperatures . Therefore, the final stage of HEPA filters is assumed to remain intact. 
Particle deposition along the release path is not assumed to occur. The radon hold-up system 
is assumed to be ineffective, and it is also assumed that deposition or filtration of radioiodine 
or other noble gases would not occur. 
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The radionuclide releases for this event, as estimated in the SAR, are assumed to involve 
radioactive solutions. Although many of the processes for preparing medical isotopes would · 
involve only dissolution in aqueous acid solution, some of the chemical separations could 
require solvent extraction or ion exchange apparatus. Separate respirable release fractions 
(RRFs) are calculated for nonvolatile materials , volatile materials (iodine), and gases (tritium 
and noble gases) as follows : 

Nonvolatiles RRF = 5E-6 
Respirable release fraction = 0.01 
HEPA particulate removal (nonvolatiles) = 5E-4 

Volatiles (I) RRF = 1.0 
Respirable release fraction = 1.0 
No removal by building deposition or emission control systems 

Gas RRF = 1.0 
Respirable release fraction = 1.0 
No removal by building deposition or emission control systems 

The consequences of this event for medical isotope target processing are presented in Table 8. 
Hanford Site review criteria for anticipated events set a maximum dose of 5 rem for onsite 
workers and 0.5 rem for members of the public. The anticipated category event resulting in 
the maximum exposure would be a localized fire . The hypothetical maximum doses for the 
co-located worker and the individual at the nearest public access location would be 2 and 0.2 
rem, respectively (from a release of 1-125). Only the inhalation and external exposure 
pathways are considered because no food is produced at these receptor locations. The 
hypothetical maximum doses to an offsite resident and the collective population dose would 
0.2 rem and 3,000 person-rem, respectively (from a release of 1-131). 

Doses from the ingestion pathway are used to determine the extent to which protective actions 
(interdiction or quarantine of contaminated food , for example) might be required in the event 
of an accident. The maximum ingestion doses for an anticipated event occurs for a release of 
lodine-125 . 

3.3.2- Unlikely Category Events 

Events in the unlikely frequency category (frequency between lE-4 and lE-2 per year) for the 
325 Building SAR included: 

• Liquid Waste Cask Failure and Spill and 
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• Unlikely Seismic Event. 

In addition, the localized solvent fire and solid fire can occur in this frequency range. Of these 
scenarios, the unlikely seismic event resulted in a higher radionuclide release. Earthquake 
hazard curves have been developed for the 300 Area that define ground acceleration at the 325 
Building for a given frequency. The seismic event analyzed in this section has a peak 
horizontal ground acceleration of 0.139 g for a frequency range of lE-04 to lE-02 per year. 
For earthquakes in the Unlikely category , a single potential process upset is assumed, but it is 
estimated that multiple major upsets would not occur. The facility's superstructure was 
assumed to remain intact, but the HV AC system is assumed to fail because it has not been 
seismically qualified. 

This event is assigned to the Unlikely frequency category due to the return period of the 
initiating earthquake. Spilling of the powdered contents of one in-process medical isotope 
target is assumed to occur (that is, probability of the spill given that the seismic event occurs is 
assumed to be 1.0). The release quantity from· the spill and holdup release is reduced by 50% 
to account for deposition of the powder within the facility. This 50% building removal factor 
could be applied to this scenario because of essentially static conditions that result from the 
failure of the ventilation system and blockage of airflow resulting from debris. Because this 
event does not involve a heat source to mobilize volatile materials, the RRF is assumed to be 
the same for all materials except noble gases. The radon holdup system is assumed to be 
ineffective for this scenario. 

Powder Spill RRF = 3E-4 
Release fraction = 0. 002 
Respirable fraction = 0.3 
Building removal factor = 0.5 

Gas RRF = 1.0 
Respirable release fraction = 1.0 
No removal by building deposition or emission control systems 

Consequences of this event are summarized in Table 9. Hanford Site review criteria for 
unlikely events set a maximum dose of 25 rem for onsite workers and 5 rem for members of 
the public. The hypothetical maximum doses for the co-located worker and the individual at 
the nearest public access location would be 8 and 1 rem, respectively (from a release of 1-125). 
The hypothetical maximum doses to an offsite resident and the collective population dose 
would 0.8 rem and 14,000 person-rem, respectively (from a release of 1-131). If ingestion 
pathways are considered for planning protective actions, releases of 1-125 produce the greatest 
impacts. 
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3.3.3 Extremely Unlikely Category Events 

The 325 Building SAR identified the following events in the extremely unlikely category 
(frequency between lE-6 and lE-4 per year) : 

• Loss of Electric Power and Explosion, 
• Large Uncontrolled Fire, and 
• Extremely Unlikely Seismic Event. 

Of these scenarios , the highest radionuclide release is associated with the loss of services 
followed by an explosion. This scenario assumes loss of services to the 325 Building, which 
inactivates the ventilation system. Upon failure of the ventilation systems, airflow through the 
hot cells , glove boxes, hoods, and tanks would also cease . Without ventilation, the potential 
exists for a buildup of flammable or combustible vapors in those areas with volatile chemicals . 
A deflagration in a glove box from the buildup of a flammable solvent or volatile chemical is 
assumed to occur, potentially breaching the primary confiner~1ent barriers. The impact of an 
explosion would be mitigated by the walls and ceilings of the glove box or fume hood. Most 
of the airborne material within a glove box or hood would be carried out through the exhaust 
system, even if the explosion were to cause material to be released from the glove box to an 
adjoining area. Based on actual glove box explosions, it is possible that the front panel of a 
glove box could fail. In most cases, these events have not resulted in offsite releases because 
the explosions did not cause malfunctions of ventilation systems or failure of other barriers , 
including room walls and ceilings . However, for the extremely unlikely scenario in this 
analysis , the explosion is assumed to be sufficiently forceful to breach the building or 
ventilation system barriers, rendering the HEPA filters and radon hold-up system ineffective. 
The estimated RRF for this event was calculated as follows: 

Powder RRF = 0.02 
Release fraction = 5E-2 
Respirable fraction = 0 .4 

Volatiles (I) RRF = 1.0 
Respirable release fraction = 1.0 
No removal by building deposition or emission control systems 

Gas RRF = 1.0 
Respirable release fraction = 1.0 
No removal by building deposition or emission control systems 

The consequences of this event as summarized in Table 10. Hanford Site review criteria for 
extremely unlikely events set a maximum dose of 100 rem for onsite workers and 25 rem for 
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members of the public. The hypothetical maximum doses for the co-located worker and the 
individual at the nearest public access location would be 65 and 8 rem, respectively (from a 
release involving an Ra-226 target). The hypothetical maximum doses to an offsite resident 
and the collective population dose would 4 rem and 40,000 person-rem, respectively . If 
ingestion pathways are considered for planning protective actions, the release of 1-125 would 
produce the greatest impacts . 

3.3.4 Accident Consequences to Involved Workers 

Accident consequences to involved workers are typically not evaluated in Safety Analyses 
because the scenarios are highly dependent on circumstances of the event and the location and 
actions of individuals involved. In order to provide a bounding estimate of the potential dose 
to an involved worker, a generic isotope assembly handling accident has been evaluated in 
which a worker is exposed at a distance of 3 m to external irradiation from an unshielded 
irradiated medical isotope assembly . The external dose rate for each type of assembly has 
been estimated, and the time required to reach the 25 or 100 rem DOE review criteria for 
onsite workers in unlikely or extremely unlikely events is calculated. The 25 rem criteria also 
corresponds to the maximum allowable dose for workers in 10 CFR 835 under emergency 
conditions to protect life or to prevent exposure of large populations to accidental emissions. 
Dose rates are calculated separately for cladding material and for the isotope products and 
associated impurities within the assembly. As a bounding case, the cladding material was 
assumed to be 316 stainless steel , although other possible alloys would likely result in lower 
quantities of activation products and lower dose rates . 

For this hypothetical accident, the maximum dose rate would result from events involving Gd-
153 or Ir-192 assemblies , exclusive of cladding. The minimum evacuation time available for 
events involving those assemblies is 15 seconds and 1 minute at the 25 and 100 rem criteria, 
respectively (Table 11). All other isotope product assemblies would require an exposure time 
of 10 minutes or longer to accumulate a dose of 100 rem. If stainless steel cladding is used for 
the assemblies , external doses from the activated cladding would reach the 100 rem level in 50 
minutes for rapid retrieval assemblies or 50 seconds for long-term irradiation vehicle 
assemblies . 

3.4 Worker Risk from Occupational Illness or Injury 

The risk of occupational injury or illness to facility workers is based on the labor requirements 
for the Proposed Action and recordable case rates for DOE contractors . The labor 
requirements for medical isotope target processing are estimated at less than 6 FTEs. These 
labor requirements are well below the DOE average 27 FTEs overall or 15 FTEs for 
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construction that correspond to one recordable case of occupational injury or illness . 
Therefore, no recordable illnesses or injuries are expected as a result of processing medical 
isotope assemblies .. 

4.0 SUMMARY OF RISKS ASSOCIATED WITH MEDICAL ISOTOPE PROCESSING 
AND DISCUSSION OF POTENTIAL MITIGATION MEASURES 

The risks of health effects from accidental radiological releases during medical isotope 
processing at the 325 Building are projected to be less than lE-04 for on-site workers , less 
than 3E-6 for an individual member of the public, and less than SE-03 for the collective 
population. The doses to individual workers and members of the public for accidents 
involving several of the irradiated isotope assemblies are within DOE review criteria. 

Prior to beginning the proposed activity , medical isotope processing would be subjected to a 
detailed safety review to ensure that activities would meet the DOE safety review criteria. 
Where more than one activity within the facility might be affected by an event, the 
consequences from all of the potentially affected areas would be evaluated to ensure that the 
cumulative effects would not exceed the safety criteria. 

For the medical isotope assemblies that produce the highest doses , administrative or 
engineering controls could be implemented to maintain the potential consequences well within 
guidelines . 

Collective risks to the population near the 300 area are also evaluated with respect to the safety 
goals established in Secretary of Energy Notice (SEN) 35-91 (DOE 1991). The SEN-35-91 
safety goal for risk of latent cancer fatalities (LCF) in the general population is as follows : 

"The risk to the population in the area of a DOE nuclear facility for cancer fatalities 
that might result from operations should not exceed one-tenth of one percent (0 .1 % ) of 
the sum of all cancer fatality risks resulting from all other causes. For evaluation 
purposes, individuals are assumed to be located within 10 miles of the site boundary." 

For the 30,400 persons within 10 miles of the Hanford Site 's 300 Area, this safety goal 
corresponds to an annual latent cancer fatality risk of about 50 LCF. The basis for this site
specific estimate is the 1996 cancer fatality rate from all causes in Washington State (165 ,000 
LCF/100,000 persons-year, from ACS 1996) and the 1990 census for the population 
surrounding the Hanford Site (Beck et al 1991). The SEN 35-91 safety goal for population 
risk is 0.1 % of normal population LCF, or 0 .05 LCF per year of operation for this population. 
The collective risks in this analysis are calculated for the population within 50 miles of the site 
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and all are lower than 0.008 LCFs per year. Therefore the collective risks meet the SEN 35-
91 safety goal. 
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Table 1. Assumptions and Data for Medical Isotope Production 

Product Half Li fe Pri mary Target Target Irradiation Product Isotope 
Isotope Target Chemical Vehi cle Time (days) Activi t y (Ci)* 

Isotope Form 

Ac-227 21.8 years Ra-226 Ra LJV-H 200 2.0E+02 
Au -198 2.69 days Au-197 Au R3-H 10 l.8E+02 
Cd-109 462 .0 days Cd-108 CdO LIV 400 8.0E+03 
Cu-64 12 .7 hours Zn-64 Zn R3 10 2.2E+Ol 
Cu-67 2.58 days Zn-67 Zn R3 10 8.4E+OO 
Gd-153 242 days Natural Eu Eu203 LJV-H 300 6. OE+03 
Ho-166 1.117 days Ho-165 Ho R3-H 10 4.0E+Ol 
I-125 60 .1 days Xe-124 Xe Gas Gas Line 200 1. 4E+04 
I-131 8.04 days Te-130 Te R3-H 25 6.0E+02 
Ir -192 73.8 days Ir-191 Ir LIV 300 2.0E+06 
Lu -177 6.68 days Lu-175 Lu R3-H 25 1.0E+Ol 
Mo-99 2.75 days Mo-98 Mo R3-H 10 1. 2E+04 
Os -194 6.0 years Os-192 Os LIV 400 2.6E+Ol 
P-32 14 .3 days S-32 s R3 50 1. 6E+02 
P-33 25.3 days S-33 s LIV 100 2.0E+02 
Pd-103 17 .0 days Pd-102 Pd R3 -H 50 5.4E+03 
Pt-195m 4.02 days Pt-195 Pt R3-H 50 4.5E+OO 
Re-186 3.78 days Re-185 Re R3 -H 25 7.0E+03 
Sc-47 3.35 days Ti-47 Ti R3 10 4.0E+Ol 
Se-75 120.0 days Se-74 Se02 LJV-H 200 1. OE+02 
Sm-145 340 days Sm-144 Sm LJV-H 300 1. OE+02 
Sm-153 1. 93 days Sm-152 Sm R3-H lO 8.0E+Ol 
Sn-117m 13.6 days Sn-116 Sn R3-H 50 2.0E+02 
Sr-85 64.8 days Sr-84 SrO LJV -H 200 5.0E+02 
Sr-89 50 .5 days Sr88 SrO LIV-H 100 4.0E+02 
Th -228 1.91 years Ra-226 Ra LIV-H 200 2.1E+03 
Th-229 7300 years Ra-226 Ra LIV-H 200 1. 6E-01 
W-188 69 .4 days W-186 w LIV-H 200 3.3E+04 
Xe -127 36.4 days Xe-126 Xe Gas LIV 100 2.0E+02 
Y-91 58.5 days Zr-91 Zr LIV 200 1. OE+02 

* The activities shown are production rates for a single FFTF "target" Assembly (R3 or LIV) 
LJV-H : Long Irradiation Vehicle. Hydrided with 3000 cc Target Volume 
LIV : Long Irradiation Vehicle. with 10000 cc Target Volume 
R3 : Rapid Retrieval System with 24 cc Target Volume 
R3-H: Rapid Retrieval System. Hydri ded with 24cc Target Volume 
Gas Li ne 5000cc Target Volume (26.8 gram Xel24 at STP) 
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Table 2. Population within 80 km of the Hanford 300 Area 

Distance (mi) 0-1 1-2 2-3 3-4 4-5 5-10 10-20 20 -30 30-40 40-50 Sector Total 
Direction 
---------- ------- ------- ------- ------- ------- - - ------- - - -
s 0 0 3 198 2231 17726 12449 123 13473 10913 57116 
SSW 0 0 0 0 297 3518 3788 288 651 1859 10401 
SW 0 0 0 0 59 2364 2916 1619 311 763 8032 
WSW 0 0 0 0 0 967 3238 5812 13516 713 24246 
w 0 0 0 0 0 0 730 1669 16968 12843 32210 
WNW 0 0 0 0 0 0 0 417 1703 2120 4240 
NW 0 0 0 0 0 0 . 0 181 1279 1428 2888 
NNW 0 0 0 0 0 0 0 273 1277 1153 2703 
N 0 0 0 2 6 85 602 4203 2894 9998 17790 
NNE 0 3 16 25 33 277 678 2242 2411 1218 6903 
NE 1 11 18 25 33 277 827 1094 590 306 3182 
ENE 2 11 18 25 33 277 754 741 480 535 2876 
E 3 11 18 25 33 276 170 255 761 1001 2553 
ESE 2 11 18 25 33 264 117 454 878 10548 12350 
SE 2 11 18 25 33 277 15318 3337 1322 3257 23600 
SSE 0 7 18 25 121 616 57047 4098 3779 4785 70496 

Total 10 65 127 375 2912 26924 98634. 26806 62293 63440 281586 
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Table 3. Input Parameters for Routine Radiological Consequences of Medical Isotope 
Processing at the Hanford Site 325 Building 

Receptor Co-located Worker Off-site ' Population 
Resident 

Location 300 m NE 1500 m NE 0-50 mi from 300 
Area 

Air Transport Populati on-
Chronic Chi/Q weighted 
( Ci /m3 per Ci/ s) 2. lE-07 8.7E-08 1.4E-03 

Exposure Pathway Parameters On-site Worker Maximum Average 
Individual Individual 

Inhalation/Air Submersion : 

Exposure to Plume (h/y) 2000 8766 8766 
Chronic Breathing Rate (cm3/s) 270 270 270 

External Ground Surface: 

Effective Outdoor Exposure to Soil (h/y) 
2000 8766 2920 

Ingestion - Annual Food Consumption Rate Not Applicable 
(kg/y): 

Leafy Vegetables 30 15 
Other Vegetables 220 140 
Fruit 330 64 
Grains 80 72 

Meat 80 70 
Poultry 18 8.5 
Milk 270 230 
Eggs 30 20 
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Table 4. Input Parameters for Radiological Consequences of Accidents During Medical 
Isotope Processing at the Hanford Site 325 Building 

Receptor Co-located Nearest Offsite Population 
Worker Public Resident 

Access 

Location 100 m NE 470 m WNW 1300 m ENE 0-50 mi from 300 
Area 

Air Transport Population-
Acute Chi/Q weighted 
( Ci /m3 per Ci rel eased) 1. 3E-03 1. 6E-04 7.8E-05 8.0E -01 

Exposure Pathway Parameters On-site Worker Public Maximum Average 
Access Individual Individual 

Inhalation/Air Submersion: 

Fraction of Time in Plume 1.0 1.0 1.0 1.0 
Acute Breathing Rate (cm3/s) 

330 330 330 330 

External Ground Surface: 

Effective Outdoor Exposure to Soil 
(h) 2 2 4380 2920 

Ingestion - Annual Food Consumption NA NA 
Rate (kg/y): 

. 
Leafy Vegetables 30 15 
Other Vegetables 220 140 
Fruit 330 64 
Grains 80 72 

Meat 80 70 
Poultry 18 8.5 
Milk 270 230 
Eggs 30 20 
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Table 5. Summary of Basis for Health Effects of Radiological Exposures 

Effects per Unit Radiation Dose• Radiation Dose to Produce 1 
Type of Effect Effect• 

Latent Cancer Fatality 
Adult Workers 4 x 10·4 /person-rem 2500 person-rem 
General Population 5 x 10-4 /person-rem 2000 person-rem 

Total Detriment b 

Adult Workers 5.6 x 10·4 /person-rem 1800 person-rem 
General Population 7 .3 x 10·4 /person-rem 1400 person-rem 

' These estimates include a reduction factor of 2 to account for the lower risk of low dose . low dose 
rate exposures as discussed in ICRP (1991). Where individual doses exceed 20 rem. the values should 
be multiplied by a factor of 2. To convert person-rem to person-Sv . multiply by 0.01. 
b Total Detriment includes fatal and nonfatal cancers and severe hereditary effects . 
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Table 6. Medical Isotope Inventories and Estimated Releases 

Max. 
Quantity 

of 
Isotopes Acute Radionuclide Release (Ci/Event) 

Processed Chronic 
at Any Release (Ci 

One Time Irradiatio Extremely per 
Isotope (Ci) n Vehicle' Anticipated Unlikely Unlikely Processing) 

P 32 l .60E+02 R3 8.0E-04 4.8E-02 3.2E+OO 2.4E-07 

S 35 3.31E+Ol l.7E-04 9.9E-03 6.6E-Ol 5.0E-08 

P 33 4.05E-Ol 2.0E-06 1. 2E-04 8.lE-03 6. lE-10 

P 33 2.00E+02 LIV 1. OE-03 6.0E-02 4.0E+OO 3.0E-07 

P 32 5.19E+OO 2.6E-05 1. 6E-03 l.OE-01 7.8E-09 

S 35 2.29E+Ol l.lE-04 6.9E-03 4.6E-Ol 3.4E-08 

SC 47b 3.98E+Ol R3 2.0E-04 1. 2E-02 8.0E-01 6.0E-08 

SC 46 1.46E-02 7.3E-08 4.4E-06 2.9E-04 2. 2E-ll 
SC 48b 5.59E-02 2.8E-07 l.7E-05 l.lE-03 8 .4E-ll 
CA 47b 2.33E-05 1. 2E-10 7.0E-09 4.7E-07 3.5E-14 

cu 64 2.18E+Ol R3 l.lE-04 6.5E-03 4.4E-Ol 3.3E-08 
CU 67b 2. llE-03 l.lE-08 6.3E-07 4.2E-05 3.2E-12 

ZN 65 2.47E+OO 1. 2E-05 7.4E-04 4.9E-02 3.7E-09 

CU 67b 8.33E+OO R3 4.2E-05 2.5E-03 1.7E-Ol 1. 3E-08 

ZN 65 l.18E-03 5.9E-09 3.5E-07 2.4E-05 l.8E-12 

ZN 69 3.64E+OO 1. 8E-05 l. lE-03 7.3E-02 5.5E-09 

ZN 69 1. 35E+Ol 6.8E-05 4.lE-03 2.7E-Ol 2.0E-08 

SE 75 9.89E+Ol LIV 4.9E-04 3.0E-02 2.0E+OO 1. 5E-07 

AS 76 4.66E-02 2.3E-07 1. 4E-05 9.3E-04 7. OE-11 
AS 77b 3.95E-05 2.0E-10 1. 2E-08 7.9E-07 5.9E-14 

SR 85 4.95E+02 LIV 2.5E-03 l.5E-Ol 9.9E+OO 7.4E-07 

SR 89 6.49E-02 3.2E-07 1. 9E-05 1. 3E-03 9.7E-ll 

SR 90 5.39E-06 2.7E-ll l.6E-09 l. lE-07 8.lE-15 
RB 84b l.30E+OO 6.5E-06 3.9E-04 2.6E-02 1. 9E-09 

RB 86 3.05E+OO 1. 5E-05 9.lE-04 6.lE-02 4.6E-09 

KR 85 4.23E-05 4.2E-05 4.2E-05 4.2E-05 6.3E-14 
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Table 6. Medical Isotope Inventories and Estimated Releases 

Max . 
Quantity 

of 
Isotopes Acute Radionuclide Release (Ci/Event) 
Processed Chronic 

at Any Release (Ci 
One Time Irradiatio Extremely per 

Isotope (Ci) n Vehicle• Anticipated Unlikely Unlikely Processing) 

SR 89 3.94E+02 LIV 2.0E-03 l.ZE-01 7.9E+OO 5.9E-07 

SR 85 4.60E-03 2.3E-08 1.4E-06 9.ZE-05 6.9E-12 

SR 90 2.46E-02 1. ZE-07 7.4E -06 4.9E-04 3. 7E-ll 

RB 86 5.09E-06 2. 5E-ll 1. 5E-09 1.0E-07 7.6E-15 
Y 88b 7.91E-06 4. OE -11 2.4E-09 1. 6E-07 l.ZE-14 

Y 90 2.46E-02 1. 2E -07 7.4E-Ofi 4.9E-04 3. 7E-ll 

Y 91 9.89E+Ol LIV 4.9E-04 3.0E-02 2.0E+OO 1. 5E-07 

Y 90 3.23E+OO 1. 6E -05 9.7E -04 6.5E-02 4.9E-09 

ZR 89b 7 .81E-Ol. 3.9E-06 2.3E-04 1. 6E -02 1. ZE-09 

ZR 93 5.84E-04 2.9E -09 1. 8E-07 1. ZE-05 8.8E-13 

ZR 95 2.08E-02 1. OE -07 6.ZE-06 4.ZE-04 3. lE-11 

MO 99 l .20E+04 R3 6.0E -02 3.6E+OO 2.4E+02 1. 8E-05 

MO 101b 2.04E+OO 1. OE -05 6.lE-04 4. lE-02 3.lE-09 

TC 99M 7.58E+03 3.8E-02 2.3E+OO l.5E+02 1.lE-05 

TC 99 3.lOE-04 1. 5E-09 9.3E-08 6.ZE-06 4.6E-13 

TC 101 1. 47E+Ol 7.3E-05 4.4E-03 2.9E-Ol 2.ZE-08 

PD 103 5.46E+03 R3 2.7E-02 l.6E+OO 1.1E+02 8.ZE-06 

RH 103M 5.47E+03 2.7E-02 l.6E+OO l.1E+02 8.ZE-06 

RH 105 8.77E-05 4.4E-10 2.6E-08 1. 8E -06 1. 3E·-13 

AG 107M1' 4.82E-05 2.4E-10 1. 4E-08 9.6E-07 7.ZE-14 

CD 109 7.88E+03 LI V 3.9E-02 2.4E+OO 1. 6E+02 1. ZE-05 

CD 107b 1. 06E -Ol 5.3E-07 3.ZE-05 2.lE-03 l.6E-10 

AG 105b 8.83E-Ol 4.4E-06 2.6E-04 1.8E-02 1. 3E-09 

AG 106M1' 3.86E-03 1. 9E -08 1. ZE-06 7.7E-05 5.8E-12 

AG 107M1' 1. 06E -Ol 5.3E-07 3.ZE-05 2.lE-03 l.6E-10 

AG 108M1' 4.27E-02 2. lE -07 1. 3E-05 8.5E-04 6.4E-ll 
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Table 6. Medical Isotope Inventories and Estimated Releases 

Max . 
Quantity 

of 
Isotopes Acute Radionuclide .Release (Ci/Event) 
Processed Chronic 

at Any Release (Ci 
One Time Irradiatio Extremely per 

Isotope (Ci ) n Vehicle• Anticipated Unlikely Unlikely Processing) 

AG 108b 3.84E-03 1. 9E -08 1. 2E-06 7.7E-05 5.BE-12 
AG llOM 4.79E+Ol 2.4E-04 1.4E-02 9.6E-01 7.ZE-08 

AG 110 6.70E-01 3.4E-06 2.0E-04 1. 3E-02 1.0E-09 
AG 111 7.73E-06 3. 9E -11 2.3E-09 1. SE -07 1.2E-14 
PD 109 1. 64E-03 8.2E-09 4.9E-07 3.3E-05 2.5E-12 

SN 117M 2.01E+02 R3 1. OE-03 6.0E-02 4.0E+OO 3.0E-07 
SN 119M 1. 68E-02 8.4E-08 5.0E-06 3.4E-04 2. 5E-11 

XE 127b 2.04E+02 LIV 2.0E+02 2.0E+02 2.0E+02 3.lE-07 

I 125 8.23E+02 GAS 8.2E+02 2.5E -01 8.2E+02 1. ZE-06 
I 124b 3.45E-02 3.5E-02 1. OE-05 3.5E-02 5.ZE-11 
I 126b 1.38E+Ol 1. 4E+Ol 4.2E-03 1. 4E+Ol 2.lE-08 
XE 125 8.14E+02 8.1E+02 8 .1E+02 8.1E+02 1. 2E-06 

I 131 6.02E+02 R3 6.0E+02 1.BE-01 6.0E+02 9.0E-07 
I 129 1. OBE-06 1.lE-06 3.2E-10 1. lE-06 1.6E-15 

I 130 2 .17E+OO 2.2E+OO 6.5E-04 2.2E+OO 3.3E-09 
TE 129M 1. 06E+Ol 5.3E-05 3.2E-03 2.lE-01 1. 6E-08 

TE 129 8.76E+Ol 4.4E-04 2.6E-02 1. 8E+OO 1. 3E-07 
TE 131 . 6.65E+02 3.3E-03 2.0E-01 1. 3E+Ol 1.0E-06 

SM 145b l .01E+02 LIV 5.lE-04 3.0E-02 2.0E+OO 1. 5E-07 
SM 146b 5.53E-07 2.BE-12 1. ?E-10 1.lE-08 8.3E-16 

SM 151 1.74E-01 8.7E-07 5.2E-05 3.5E-03 2. 6E-10 

PM 145b 2.06E+OO 1. OE -05 6.2E -04 4.lE-02 3.lE-09 

PM 146b 1. 23E -01 6.2E-07 3.7E-05 2.5E-03 1. 9E-10 

PM 147 2.76E -03 1. 4E-08 8.3E-07 5.5E-05 4.lE-12 

PM 148M 1. 85E-03 9.3E-09 5.6E-07 3.7E-05 2.BE-12 

PM 148 4.21E-03 2.lE-08 1. 3E-06 8.4E-05 6.3E-12 

25 



HNF-1843, Rev. 0 

Table 6. Medical Isotope Inventories and Estimated Releases 

Max. 
Quantity 

of 
Isotopes Acute Radionuclide Reiease (Ci/Event) 

Processed Chronic 
at Any Release (Ci 

One Time Irradiatio Extremely per 
Isotope (Ci) n Vehicle" Anticipated Unlikely Unlikely Processing) 

PM 149 1.49E-03 7.4E-09 4.5E-07 3.0E-05 2.2E-12 

ND 147 4.57E-04 2.3E-09 1. 4E-07 9. lE-06 6.BE-13 

SM 153 7.98E+Ol R3 4.0E-04 2.4E-02 1. 6E+OO l.2E-07 

SM 151 2.02E-06 1. OE-11 6. lE-10 4.0E-08 3.0E-15 
SM 155b 4.06E-04 2.0E-09 1. 2E-07 8.lE-06 6.lE-13 
SM 156b 1. 22E-07 6.lE-13 3. ?E-11 2.4E-09 l.BE-16 

EU 152M 5.03E-08 2.5E-13 l.5E-ll 1. OE-09 7.5E-17 
EU 154Mb l.97E-Ol 9.BE-07 5.9E-05 3.9E-03 2. 9E-10 

EU 154 3.02E-03 1. 5E-08 9.0E-07 6.0E-05 4.5E-12 

EU 155 3.13E-04 1. 6E-09 9.4E-08 6.3E-06 4.7E-13 

EU 156 8.56E-03 4.3E-08 2.6E-06 l.7E -04 1. 3E- ll 

GD 153 6.15E+03 LIV 3.lE-02 1. BE+OO l.2E+02 9.2E-06 

SM 153 6.37E-05 3.2E-10 1. 9E-08 1. 3E-06 9.6E-14 

EU 152M 2.27E-05 l. lE-10 6.BE-09 4.5E-07 3.4E-14 

EU 152 3.33E+03 l.?E-02 1. OE+OO 6.7E+Ol 5.0E-06 

EU 154~ 3.14E-05 l.6E-10 9.4E-09 6.3E-07 4.7E-14 

EU 154 1. 75E+04 8.BE-02 5.3E+OO 3.5E+02 2.6E-05 

EU 155 6.14E+03 3.lE-02 1. BE+OO 1. 2E+02 9.2E-06 

EU 156 8.26E+04 4.lE-01 2.5E+Ol l.7E+03 1. 2E-04 

HO 166 3.98E+Ol R3 2.0E-04 1. 2E -02 8.0E-01 6.0E-08 

HO 166M 3.84E-05 1. 9E-10 1.2E-08 7.7E-07 5.BE-14 

HO 167b 9.66E-03 4.BE-08 2.9E-06 l.9E-04 1.4E-ll 

ER 167b 9.66E-03 4.BE-08 2.9E-06 1. 9E-04 1.4E-ll 

DY 166b 9.64E-07 4.BE-12 2. 9E-10 l.9E-08 l.4E-15 

LU 177b 9.82E+OO R3 4.9E-05 2.9E-03 2.0E-01 l.5E-08 

LU 176Mb l. lOE+OO 5.5E-06 3.3E-04 2.2E-02 1. 7E-09 

LU 177Mb l. OBE-03 5.4E-09 3.2E-07 2.2E-05 l. 6E-12 
LU 178b 3.24E-04 l. 6E-09 9.7E-08 6.5E-06 4.9E-13 
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Table 6. Medical Isotope Inventories and Estimated Releases 

Max. 
Quantity 

of 
Isotopes Acute Radionuclide Release (Ci/Event) 
Processed Chronic 

at Any Release (Ci 
One Time Irradiatio Extremely per 

Isotope (Ci) n Vehicle• Anticipated Unlikely Unlikely Processing) 

LU 179b 5.52E-08 2.8E-13 1. 7E-ll l.1E 0 09 8.3E-17 

HF 177~ l.42E-03 7.lE-09 4.3E-07 2.8E-05 2.lE-12 

HF 178~ l.90E-05 9. 5E -ll 5.7E-09 3.8E-07 2.9E-14 

HF 179~ l.51E-05 7 .6E-ll 4.5E-09 3 OE-07 2.3E-14 

W 188b 3.28E+04 LIV l.6E-Ol 9.8E+OO 6.6E+02 4.9E-05 

W 181 2.82E-03 1. 4E-08 8.4E-07 5.6E-05 4.2E-12 

W 185 9.23E+04 4.6E-Ol 2.8E+Ol l.8E+03 1.4E-04 

W 187 l.77E+05 8.8E-Ol 5.3E+Ol 3.5E+03 2.6E-04 

TA 182 1. 20E-05 6. OE-11 3.6E-09 2.4E-07 1.8E-14 

TA 183b 8.04E-05 4.0E-10 2.4E -08 1. 6E-06 1.2E-13 

RE 186Mb 4.64E-03 2.3E-08 1. 4E-06 9.3E-05 7.0E-12 

RE 186b 4.80E+03 2.4E-02 1. 4E+OO 9.6E+Ol 7.2E-06 

RE 188Mb 1. 64E-06 8.2E-12 4. 9E-10 3.3E-08 2.5E-15 

RE 188b 3.98E+04 2.0E-01 1. 2E+Ol 8.0E+02 6.0E-05 

RE 189b 2.68E+Ol l.3E-04 8 OE-03 5.4E-Ol 4.0E-08 

OS 189Mb 1. 8E-04 l.lE-02 7.lE-01 5.3E-08 
II 3.53E+Ol 

RE 186b 6.98E+03 R3 3.5E-02 2. lE+OO 1. 4E+02 1. OE-05 

RE 186~ 1. ?lE-03 8.6E-09 5.lE-07 3.4E-05 2.6E-12 

RE 188b 4.80E+02 2.4E-03 1.4E-Ol 9.6E+OO 7.2E-07 

RE 189b 9.32E-02 4.7E-07 2.8E-05 1. 9E-03 1. 4E-10 

OS 189Mb 4.03E+OO 2.0E-05 1. 2E-03 8.lE-02 6.0E-09 

W 187 3.68E-Ol 1. 8E-06 l.lE-04 7.4E-03 5.5E-10 

W 188b l.16E-09 5.8E-15 3.5E-13 2. 3E-ll 1. 7E-18 

OS 194b 2.64E+Ol LIV 1. 3E-04 7.9E-03 5.3E-Ol 4.0E-08 

OS 191Mb 5.01E+02 2.5E-03 1.5E-Ol 1. OE+Ol 7.5E-07 

OS 191 3.28E+05 1. 6E+OO 9.8E+Ol 6.6E+03 4.9E-04 

OS 193b l.51E+05 7.5E-Ol 4.5E+Ol 3.0E+03 2.3E-04 
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Table 6. Medical Isotope Inventories and Estimated Releases 

Max . 
Quantity 

of 
Isotopes Acute Radionuclide Release (Ci/Event) 

Processed Chronic 
at Any Release (Ci 

One Time Irradiatio Extremely per 
Isotope (Ci) n Vehicle• Anticipated Unlikely Unlikely Processing) 

IR 192 1.15E+03 5.?E-03 3.4E-01 2.3E+Ol 1.?E-06 

IR 193t1' 1.0SE+Ol 5.3E-05 3.2E-03 2.lE-01 1. 6E-08 

IR 194Mb 1.47E-03 7.3E-09 4.4E-07 2.9E-05 2.2E-12 

IR 194b 2.64E+Ol 1. 3E-04 7.9E-03 5.3E-01 4.0E-08 

IR 192 2.00E+06 LIV 1.0E+Ol 6.0E+02 4.0E+04 3.0E-03 

IR 192t1' 2.75E+Ol 1. 4E-04 8.3E-03 5.SE-01 4.lE-08 

IR 193Mb 1.62E+04 8.lE-02 4.9E+OO 3.2E+02 2.4E-05 

IR 194Mb 6.84E+03 3.4E-02 2.lE+OO 1.4E+02 1. OE-05 

IR 194b 2.83E+02 1.4E-03 8.SE-02 5.7E+OO 4.2E-07 

PT 193t1' 2.23E+03 1.lE-02 6.?E-01 4.5E+Ol 3.3E-06 

PT 193b 2.80E+Ol 1. 4E-04 8.4E-03 5.6E-01 4.2E-08 

PT 195Mb 1.45E+02 7.3E-04 4.4E-02 2.9E+OO 2.2E-07 

PT 195t1' 4.46E+OO R3 2.2E-05 1. 3E-03 8.9E-02 6.?E-09 

PT 193Mb 8.78E+OO 4.4E-05 2.6E-03 1.8E-Ol 1.3E-08 

PT 193b 1. 39E-01 6.9E-07 4.2E-05 2.BE-03 2.lE-10 

PT 197b 8.63E+Ol 4.3E-04 2.6E-02 1. 7E+OO 1.3E-07 

IR 193t1' 1.0BE-01 5.4E-07 3.2E-05 2.2E-03 1.6E-10 

IR 194t1' 1. 83E-04 9.2E-10 5.SE-08 3.?E-06 2.?E-13 

IR 194b 4.24E-05 2.lE-10 1. 3E-08 8.SE-07 6.4E-14 

AU 197t1' 8.63E+Ol 4.3E-04 2.6E-02 1.7E+OO 1.3E-07 

AU 198b 1. 81E+02 R3 9. lE-04 5.4E-02 3.6E+OO 2.?E-07 

AU 196b 2.14E-02 l.lE-07 6.4E-06 4.3E-04 3.2E-11 

AU 198Mb 1.33E+02 6.6E-04 4.0E -02 2.7E+OO 2.0E-07 

AU 199b 3.37E+02 1.?E-03 1.0E-01 6.7E+OO 5.lE-07 

AU 200Mb 1.23E-Ol 6.2E-07 3.?E-05 2.SE-03 1.8E-10 

AU 200b 4.14E-02 - 2.lE-07 1. 2E-05 8.3E-04 6.2E-11 

PT 197b 1.18E-05 5. 9E-11 3.SE-09 2.4E-07 1. 8E-14 
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Table 6. 

Isotope 

RA 226 
RN 222c 

RA 227 
RA 228 

RA 229 

AC 227 

AC 228 

AC 229 
TH 227 
RA 223c 

TH 228 
RA 224c 

TH 229 

HNF-1843, Rev. 0 

Medical Isotope Inventories and Estimated Releases 

Ma x. 
Quantity 

of 
Isotopes Acute Radionuclide Release (Ci/Event ) 

Processed Chronic 
at Any Release (Ci 

One Time Irradiatio Extremely per 
(Ci) n Vehicle• Anticipated Unlikely Unli kely Processing ) 

2.63E+Ol LI V 1. 3E-04 7.9E -03 5.3E-Ol 3.9E-08 
2.63E+Ol 2.6E+Ol 2.6E+Ol 2.6E+Ol 3_gE-08 

1.07E-06 5.3E -12 3.2E-10 2.lE-08 1. 6E -15 
1. 45E-02 7.3E-08 4.4E-06 2.9E -04 2. 2E-ll 
3.81E-13 l.9E -18 l. lE -16 7.6E-15 5. 7E-22 
2.00E+02 l.OE-03 6.0E-02 4.0E+OO 3.0E-07 

4.52E-02 2.3E-07 l.4E-05 9.0E -04 6.8E-ll 

3.81E-13 l.9E-18 l. lE-16 7.6E-15 5.7E-22 
l .93E+02 9.7E -04 5.8E-02 3.9E+OO 2.9E-07 
l.93E+02 9.7E-04 5.8E-02 3.9E+OO 2.9E-07 
2.10E+03 l.OE-02 6.3E-Ol 4.2E+Ol 3. lE-06 
2.10E+03 l.OE-02 6.3E-Ol 4.2E+Ol 3.lE-06 
l.57E-Ol 7.8E -07 4.7E-05 3.lE -03 2. 3E-10 

R3 = Rapid Radioisotope Retrieval System : LI V= Long Irradiation Vehicle : GAS= gas line 

Indicates isotopes that are not in the radionuclide library . and which are not included 
in the calculations. Doses are not reported for medical isotope assemblies where the . 
product isotope is not in the software radionuclide library . 

Indicates short-li ved decay products t hat are assumed t o be in equilibrium wi th parent 
isotopes at the time of processing . 
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Table 7. Estimated Routine Radiological Consequences of Medical Isotope Processing at the Hanford Site 325 Building 

Receptor 

Location 

Isotope Target 

Ac-227 
Cd-109 
Cu-64 

Gd-153 
Ho-166 
I-125 
I-131 
Ir-192 
Mo-99 
P-32 
P-33 

Pd-103 
Se-75 
Sm-153 
Sn-117m 
Sr-85 
Sr-89 
Th-228 
Th-229 
W-188 
Y-91 

Maximum No . 
Targets 

Processed 
Annually," 

2 
1 

50 
1 

50 
17 
20 
1 

50 
10 
3 
10 
2 

50 
10 
2 
3 
2 
2 
2 
2 

Onsite Worker 

300 m NE 

Dose t o Individual 
(rem) 

Per Target 

1. 9E-08 
1. 9E- ll 
7.6E-15 
3. 7E-10 
2.7E-15 
6.9E-13 
1. OE-12 
5.0E-09 
8.6E-13 
2.lE-14 
4.2E-15 
2.lE-13 
l.6E-13 
3.7E-15 
3.3E-14 
5.4E-13 
4.4E-14 
l.9E-08 
l.9E-08 
7.BE-12 
9.9E-14 

Annual * 

3.BE-08 
1. 9E- ll 
3.BE-13 
3. 7E-10 
1.4E-13 
1. 2E- ll 
2. OE-11 
5.0E-09 
4. 3E-ll 
2.lE-13 
l. lE-14 
2.lE-12 
3.2E-13 
l.BE-13 
3.3E-13 
l. lE-12 
l. lE-13 
3.BE-08 
3.BE-08 
l.6E-ll 
2.0E-13 

Offsi te Resident 

1500 m NE 

Dose to Indi vidual 
(rem) 

Per Target 

3.5E-08 
6. 7E-ll 
5.9E-14 
7 .BE-10 
5.3E-15 
l.2E-10 
5. 2E-ll 
1.lE-08 
2.2E-12 
5.0E-13 
1. lE-13 
l. lE-12 
6.0E-12 
8.0E-15 
l. lE-13 
l. lE-12 
7.4E-13 
3.5E-08 
3.5E-08 
6. 7E-ll 
3.lE-13 

Annual * 

7.0E-08 
6. 7E-ll 
3.0E-12 
7.BE-10 
2.6E-13 
2.0E -09 
1. 0E-09 
l.lE-08 
l .lE-10 
5.0E-12 
2.BE-13 
l. lE-11 
1. 2E- ll 
4.0E -13 
l. lE-12 
2.2E-12 
1. BE-12 
7.0E-08 
7.0E-08 
l.3E-10 
6.2E-13 

Population 

0-50 mi from 300 Area 

Collecti ve Dose to Populat ion 
(person -rem) 

Per Target 

5.3E-04 
7.6E-07 
6.3E-10 
6.7E-06 
7. OE-11 
1. 2E-06 
4.2E-07 
7.9E-05 
1. 9E-08 
4.9E-09 
l.2E -09 
l.lE-08 
7.2E-08 
9.lE-11 
9.0E-10 
6.6E-09 
5.9E-09 
5.3E-04 
5.3E-04 
6. lE-07 
3.5E-09 

Annual* 

1. lE-03 
7.6E-07 
3.2E-08 
6.7E-06 
3.5E-09 
2.0E-05 
8.4E-06 
7.9E-05 
9.5E-07 
4.9E-08 
3.0E-09 
l.lE-07 
l.4E-07 
4.6E-09 
9.0E-09 
l.3E-08 
1. 5E-08 
l.lE-03 
l .lE-03 
l.2E-06 
7.0E-09 

* Annual Doses are based on processing up to 3 long irradiation vehicle (LIV) assemblies or up to 50 rapid radioisotope retrieval (R3) 
assemblies per year. I-125 is collected from a continuous gas loop in a collection device. which is assumed to be processed a maximum of 17 
times per year . 
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Table 8. Consequences of Potential Accidents During Medical Isotope Target Processing at Hanford 325 Buil di ng 
(Sheet 1) Consequences to Onsite Worker and Individual at Nearest Public Access Location 
Anticipated Accident • Localized Fire 
Event Frequency = <lE -1/year 
Frequency of at100spheri c condi t ions= <O.St 
Relati ve frequency of at100spheric condi t ions (compared t o antici pated condi t ions at sot frequency) = <0.01 

HNF-1843, Rev. 0 

Receptor/ Onsite Worker Nearest Publ ic Access 
Location 100 m NE of 325 Bui lding 470 m WNW of 325 Bui ldi ng 

Isotope Target (by primary Dose to Dose t o 
product except Ra -226*) Individual Individual Risk Individual Individual Ri sk 

(rem)**LCF*** of an LCF (rem)**LCF*** of an LCF 

Cd-109 2. 0E-038.E -07 8.E-10 2.JE-041.E-07 1.E-10 
Cu-64 l.lE-074.E-11 4.E-14 1. 4E-087 . E-12 7.E-15 
Gd-153 3.0E-021.E-5 l.E-08 1.BE-039.E-07 9.E-10 
Ho-166 3.0E- 071. E-10 l.E-13 3. SE-082. E-11 2.E-14 
I-125 2. lE+OOB.E-04 8.E-07 2.4E-011.E -04 1. E-07 
I-131 2.0E+OOB.E-04 8.E-07 2. 4E-011 . E-04 1.E-07 
Ir -192 2.SE-011.E -04 l.E-07 2.9E-021.E-05 1. E-08 
Mo-99 5.SE -052 .E-08 · 2.E-11 7 OE-064 E-09 4. E-12 
P-32 2.3E-069 .E-10 9.E-13 2.BE-071.E-10 1. E-13 
P-33 4.SE-072 .E-10 2.E-13 5.SE -083 .E-11 3. E-14 

Pd-103 1.9E-058.E-09 8.E-12 2.3E -061.E-09 1. E-12 
Ra -226 1.lE+OOS.E-04 5.E -07 1.2E-016.E-05 6.E-08 
Se-75 l.BE-067.E- 10 7.E-13 2.lE-071.E-10 1. E-13 
Sm-153 3.SE-071 .E-10 1.E-13 4.3E-082.E-11 2.E-14 

Sn-117m l.9E-068.E-10 8.E-13 2.JE-071 .E-10 1. E-13 
Sr-85 2.0E-068 .E-13 8.E-13 2.SE-071.E-10 1. E-13 
Sr-89 4.BE-062.E-09 2.E-12 5.SE-073 .E-10 3.E-13 
Y-91 7.SE-063.E-09 3.E-12 9.BE-075.E-10 5.E-13 

* Doses include primary product and selected impurities (some impurities were not included because they were not in the radionuclide library). Ra-226 
ta rget includes target material . selected impurities. and products Ac-227. Th-228, and Th-229 . The target is processed in four separate runs to reduce 
the amount of materi al that can be released in an accident. 

** Calculated doses are for the inhalation. ai r submersion. and ground surface external dose pathways . They assume exposure to the entire plume and 
include no protective action other than evacuation after t he pl ume passage. 

*** LCF assuming -the accident occurred, i .e., not t aking credit for the probabi l ity of the accident or for the frequency of the atmospheric conditions . 
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Table 8. Consequences of Potential Accidents During Medical Isotope Target Processing at Hanford 325 Building 
(Sheet 2) Consequences to Offsite Resident 
Anticipated Accident - Localized Fire 
Event Frequency a <lE -1/year 
Frequency of atmospheric conditions= <O.SX 
Relative frequency of atmospheric conditions (compared to anticipated conditions at SOX frequency) ~ <0 .01 

Receptor Offsite Resident 

Location 1300 m ENE of 325 Building 

Dose (person-rem),,,.... and LCF...,,,.... to Individual Individual Risk of an LCF 

Consequences by External/ LCF...,,,.... From Ingestion Ingestion External/ Ingestion Ingestion 
Exposure Pathway Inhalation Ext/Inh Dose (Winter) (Autumn) Inhalation (Winter) (Autumn) 

Cd- 109 1. 2E-04 6. E-08 2.8E-05 9.8E- 04 6. E-11 1.E-11 5.E-10 
Cu-64 2.SE-08 1. E-11 3.SE-08 2.lE-06 1.E-14 2.E-14 1. E-12 

Gd- 153 1.6E-03 8.E-07 5.JE-07 3.SE-03 8.E-10 3.E-13 2. E-09 
Ho- 166 1.7E-08 9.E-12 2.SE-13 1.8E-09 9.E-15 1.E-19 9.E-16 
I-125 1.7E-01 9.E- 05 9.0E-02 2.2E+02 8.E-08 5.E-08 3.E-04 
I-131 2.0E-01 1. E-04 1. 2E-04 2.SE+Ol 1.E-07 5.E-11 3.E-04 
Ir-192 3.SE-02 2.E- 05 1. JE-05 7.0E-02 2.E-08 7. E- 12 4. E-08 
Mo-99 4.JE-06 2.E-09 1.JE-10 2.8E- 06 2.E-12 6.E-17 1. E-12 
P-32 1.4E-07 7. E-11 5.JE-09 5.JE-06 7.E-14 3.E-15 3.E-12 
P-33 2.8E-08 1.E-11 4.0E-09 1.9E-06 1. E-14 2.E-15 9.E-13 

Pd-103 1.2E-06 6.E- 10 9. JE-11 5.0E-06 6.E-13 5.E-17 3.E-12 
Ra-226 6.SE-02 3.E-05 1. 6E-06 2.4E- 02 3.E-08 8.E-13 1.E-08 
Se-75 5.lE-07 3.E-10 6.JE-07 3.0E- 04 3.E-13 3.E- 13 2.E-10 · 

Sm-153 2.2E-08 1. E-11 5.SE -13 6. 0E- 09 1.E-14 3.E-19 3.E-15 
Sn-117m 1.SE-07 8.E-11 9.JE-12 4.SE-07 8. E- 14 5.E-18 2.E- 13 
Sr-85 1. SE-06 ; 8. E-10 1. SE-08 2.8E- 06 8. E-13 7.E- 15 1. E-12 
Sr-89 2.8E-07 1. E- 10 2.8E-08 8.8E-06 1.E-13 1. E- 14 4.E-12 
V.Ql 1 Al' -07 ? " - ,n F. 11' - 11 1 11' _ni; ? I' -11 1 1'-17 7 1'-11 

* Doses include pri mary product and selected impurities (some impurities were not incl uded because they were not in the radionuclide library) . Ra-226 target includes 
target material . selected impurit ies. and product s Ac -227. Th -228. and Th-229 . 

** Externa l / Inhal ation doses i nclude the inhalati on . air submersion. and ground surface external dose pathways. They assume exposure to the entire plume with no 
protective acti on. Doses from i ngestion of contaminated food products are reported separately and assume no interdiction of contaminated food . Ingestion doses are 
reported by season when the event occurs to refl ect t he range of possible consequences t hat might resul t (minimum • Winter: ma ximum~ Autumn). 

*** LCF assuming t he accident occurred . i . e . . not taking credit for the probability of t he accident or for t he frequency of the atmospheric condi ti ans. 
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Table 8. Consequences of Potential Accidents During Medical Isotope Target Processing at Hanford 325 Bui ldi ng 
(Sheet 3) Consequences to Collective Population 
Anticipated Accident• Local i zed Fire 
Event Frequency = <lE -1/year . 
Frequency of atmospheric conditions = <O.St 
Relative frequency of atmospheric conditions (compared t o anti ci pated condi t ions at sot frequency) = <0.01 

Receptor/Locati on Popul ation wi thin 0-50 mi from 300 Area 

Dose (person -rem)** and LCF*** in the Col lective Populati on Risk to Col lective Populati on (LCF) 

External / 
Consequences by Exposure Inhal ation LCF*** From Ingest ion Ingestion External/ Ingesti on Ingesti on 

Pathway Dose Ext/Inh Dose (Winter) (Autumn) Inhalation (Winter) (Autumn) 

Cd-109 2.4E+OO 1. E-03 2.5E-01 1. OE+Ol 1.E-06 1.E-07 5.E-06 
Cu-64 1. 9E-04 9.E-08 2.BE-04 3.4E-02 9.E-11 1.E-10 2.E-08 
Gd-153 2.7E+Ol 1. E-02 3.0E-03 3.9E+Ol 1.E-05 2.E-09 2.E-05 
Ho-166 1. 5E-04 7. E-08 2.3E-09 3.BE-08 7.E-11 1.E-15 2.E-14 
I-125 3.2E+03 2.E+OO 1.2E+03 1. 6E+06 2.E-03 6.E-04 8.E-01 
1-131 3.3E+03 2.E+OO 1.3E+OO 1. 4E+05 2.Ea03 5.E-07 7.E-02 
Jr-192 2.9E+02 1. E-01 1.2E-01 3.3E+02 1.E-04 6.E-08 2.E-04 
Mo-99 7.5E-02 4.E-05 1.lE-06 4.3E-03 4.E-08 6.E-13 2.E-09 
P-32 1.4E-03 7.E-07 3.BE -05 6.0E-02 7. E-10 2.E-11 3.E-08 
P-33 2.BE -04 1. E-07 3.0E-05 2.4E-02 1.E-10 2.E-11 1.E-08 

Pd-103 2.4E-02 1.E-05 8.3E-07 5.5E-02 1.E-08 4.E-13 3.E-08 
Ra -226 7.0E+02 3.E-01 1.9E-02 1. 2E+02 3.E-04 1.E-08 6.E-05 
Se-75 2.0E-03 1.E-06 2.BE-03 2.6E+OO 1.E-09 1. E-09 1. E-06 
Sm-153 2.0E-04 1. E-07 4.BE-09 3.5E-06 1. E-10 2.E-15 2.E-12 

Sn-117m 1.4E-03 7.E-07 9.0E-08 1. 5E -03 7. E-10 5.E-14 8.E-10 
Sr-85 2.BE-04 1. E-07 3.0E -05 2.4E-02 1. E-10 2. E-11 1. E-08 
Sr-89 3.0E-03 2.E-06 1. 3E-04 8.5E-02 2. E-09 6. E-11 4.E-08 
Y-91 3.BE-03 2.E-06 4.5E-07 1.lE-02 2.E-09 2. E-13 5.E-09 

* Doses include primary product and selected impurities (some impurities were not included because they were not in the radionuclide library)_ Ra-226 
target includes target material. selected impurities. and products Ac-227. Th-228. and Th -229. 

** External/Inhalation doses include the inhalation. air submersion, and ground surface external dose pathways . They assume exposure to the entire 
plume with no protective action. Doses from ingestion of contaminated food products are reported separately and assume no interdi cti on of contaminated 
food. Ingest ion doses are reported by season when the event occurs to reflect the range of possib le consequences that might result (minimum = Winter: 
maximum = Autumn) . 

*** LCF assuming the accident occurred. i .e .. not taking credit for the probability of the accident or for the frequency of the atmospheri c conditions . 
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Table 9. Consequences of Potential Accidents Duri ng Medical Isotope Target Process ing at Hanford 325 Building 
(Sheet 1) Consequences to Onsite Worker and Individual at Nearest Public Access Location 
Unlikely Accident • Unlikely Seismic Event or Fire 
Event Frequency • lE -4 to lE -2/year 
Frequency of atmospheric conditions = <O .St 
Relati ve frequency of atmospheric conditions (compared t o anticipated condi t ions at sot frequency)= <0 .01 

Receptor/ Onsi te Worker Nearest Public Access 
Location 100 m NE of 325 Bui lding 470 m WNW of 325 Building 

Dose to Dose to 
Isotope Target (by primary Individual Individual Ri sk Individual Individual Ri sk 

product except Ra -226*) (rem)**LCF*** of an LCF (rem)**LCF*** of an LCF 

Cd-109 1.2E-015.E-05 5.E-09 1.4E-027. E-06 7.E-10 
Cu-64 6.6E-063.E-09 3.E-13 8.3E-074.E-10 4.E-14 
Gd-153 1. BE+007 . E-04 7.E-08 1.lE-015 .E-05 5.E -09 
Ho-166 . 1. BE- 057 .E-09 7.E-13 2. lE-061. E-09 1. E-13 
I-125 8.1E+003 .E-03 3:E-06 9.SE-015.E-04 5.E-07 
I-131 8.0E+003 .E-03 3.E-06 9.6E-015.E-04 5.E-07 
Ir-192 2.SE-011 .E-03 1. E-07 2.9E-021.E-04 1.E-08 
Mo-99 3. 3E-031. E-06 1. E-10 4.2E-042.E-07 2.E-11 
P-32 1. 4E-046 . E-08 6.E-12 1. 7E-058. E-09 8.E-13 
P-33 2.7E-051.E-08 1.E-12 3.3E-062 .E-09 2.E-13 

Pd-103 1.2E-035.E-07 5. E-11 1.4E-047.E-08 7.E-12 
Ra-226 1.lE+OOS.E- 03 5.E-07 1.2E-016 .E-04 6.E -08 
Se-75 1.lE-044.E-08 4.E-12 1.3E-056.E-09 6.E-13 
Sm-153 2.lE-058.E-09 8.E-13 2.6[-061.E-09 1. E-13 
Sn-117m 1.lE-045. E- 08 5.E-12 1.4E-057 . E-09 7.E-13 
Sr-85 1.2E-045. E-08 5.E-12 · 1.sE-058.E-09 8.E-13 
Sr-89 2. 9E-041. E-07 1.E-11 3.3E-052 .E-08 2.E-12 
V.Ql ,1 c;i:: .nA? I' .n7 ? I' - 11 i:; o •. nc~ •• nR 1 l'.1? 

* Doses include primary product and selected impurities (some impurities were not included because they were not in the radionuclide library). Ra -226 
target includes target material, selected impurities , and products Ac-227. Th -228 . and Th-229 . The target is processed in four separate runs to reduce 
the amount of material that can be released in an accident. 

** Ca lculated doses are for the inhalation, air submersion. and ground surface external dose pathways. They assume exposure to the entire plume and 
include no protective action other than evacuation after the plume passage. 

*** LCF assuming t he accident occurred. i.e .. not taking credit for the probability of t he acc ident or for the frequency of t he atmospheric conditions . 

34 



HNF-1843, Rev. 0 

Table 9. Consequences of Potenti al Accidents During Medical Isotope Target Processi ng at Hanford 325 Bui lding 
(Sheet 2) Consequences to Offsite Resident 
Unl i kely Accident - Unlikely Seismic Event or Fi re 
Event Frequency = lE-4 to lE-2/year 
Frequency of atmospheric conditions = <O .St 
Relative frequency of atmospheri c condi t ions (compared to antici pated conditions at sot frequency) = <0.01 

Receptor Offsi te Res ident 
Location 1300 m ENE of 325 Bui lding 

Dose (person -rem) and LCF..._ to Indi vidual Individual Risk of an LCF 

Consequences by Exposure External/ LCF..._ From Ingestion Ingestion External/ Ingestion Ingesti on 
Pathway Inhalation Ext/Inh Dose (Wi nter) (Autumn) Inhalation (Winter) (Aut umn) 

Cd-109 7.lE-03 4.E -06 l.7E-03 5.9E-02 4. E-10 8.E-11 3.E-09 
Cu-64 l.5E-06 8.E-10 2. lE-06 1. 2[-04 8.E-14 1. E-13 6. E-12 

Gd -153 9.3E-02 5.E-05 3.2E-05 2.lE-01 5.E-09 2.E-12 1.E-08 
Ho-166 1. 0E-06 5.E-10 1. 5E-ll 1.lE-07 5.E-14 8.E-19 5.E-15 
I-125 6.BE-01 3.E-04 3.6E-01 9.0E+02 3.E-07 2.E-07 1. E-03 
I-131 7.9E-0l 4.E-04 4.9E-04 1. 0E+02 4.E-07 2.E-10 1. E-03 
Ir-192 3.5E-02 2.E-05 1. 3[-05 7.0E-02 2.E-08 7.E-12 4.E-08 
Mo-99 2.6E-04 l.E-07 7.7E-09 l.7[-04 l.E-11 4.E-16 8.E-12 
P-32 8.3E-06 4.E-09 3.2[-07 3.2E-04 4.E-13 2.E-14 2.E-11 
P-33 l.7[-06 9.E-10 2.4[-07 1.lE-04 8.E-14 1. E-14 6.E-12 

Pd-103 7.2[-05 4.E-08 5.6E-09 3.0E-04 4.E-12 3. E-16 2.E-11 
Ra-226 6.5E-02 3.E-05 1. 6[-06 2.4[-02 3.E-08 8.E-13 l.3[ -08 
Se-75 3.0E-05 2.E-08 3.BE-05 l .BE-02 2.E-12 2.E-12 9.E-10 
Sm-153 1. 3[ -06 7.E-10 3. 3[-11 3.6[-07 7.E-14 2.E-18 2.E-14 

Sn-117m 9.2E-06 5.E-09 5.6E-10 2.7E-05 5.E-13 3.E-17 1. E-12 
Sr-85 9.0E-05 5.E-08 8.7E-07 PE-04 5.E-12 4.E-14 8.E -12 
Sr-89 l.7E-05 9.E-09 l.7[-06 5.3E-04 8.E-13 8. E-14 3.E-11 
Y-91 2.3E-05 l.E-08 3.BE-09 7.BE-05 l.E-12 2.E-16 4.E-12 

* Doses include primary product and selected• impurities (some impurities were not included because they were not in the radionuclide library) . Ra-
226 target includes target material . selected impurities. and products Ac-227. Th-228 . and Th-229 . 

** External/Inhalation doses include the inhalation. air submersion. and ground surface external dose pathways . They ass ume exposure to the entire 
plume with no protective action . Doses from ingestion of contaminated food products are reported separately and assume no interdiction of 
contaminated food . Ingestion doses are reported by season when the event occurs to reflect the range of possible consequences that might result 
(minimum= Winter: maximun = Autumn) . 

*** LCF assuming the accident occurred. i.e . . not taking credit for the probability of the accident or for the frequency of the atmospheric 
conditions . 
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Table 9. Consequences of Potential Accidents During Medical Isotope Target Processing at Hanford 325 Building 
(Sheet 3) Consequences to Collective Population 
Unlikely Accident - Unlikely Seismic Event or Fire 
Event Frequency= lE-4 to lE-2/year 
Frequency of atmospheric conditions= <O.St 
Relative frequency of atmospheric conditions (compared to anticipated conditions at sot frequency)= <0 .01 

Receptor/Location Population within 0-50 mi from 300 Area 

Dose to Collective Population (person-rem)..,. Risk to Collective Population (LCF) 

Consequences by Exposure External/ LCF...., From Ingestion Ingestion External/ Ingestion Ingestion 
Pathway Inhalation Ext/Inh Dose (Winter) (Autumn) Inhalation (Winter) (Autumn) 

Cd-109 1. 4E+02 7.E-02 1. 5E+Ol 6.0E+02 7.E-06 7.E-07 3.E-05 
Cu -64 1.lE-02 6.E-06 1.?E-02 2 OE+OO 6.E-10 8.E-10 1.E-07 

Gd -153 1. 6E+03 8.E-01 1.SE-01 2.3E+03 8.E-05 9.E-09 1. E-04 
Ho-166 8.9E-03 4.E-06 1. 4E-07 2.JE-06 4.E-10 7.E-15 1. E-13 
I-125 1. 3E+04 6.E+OO 4.8E+03 6.4E+06 6.E-04 2.E-04 3.E-01 
I-131 1.4E+04 7.E+OO 4.9E+OO 5.6E+05 7.E-04 2.E-07 3.E-02 
Ir-192 2.9E+02 1. E-01 1. 2E-01 3.3E+02 1.E-05 6.E-09 2.E-05 
Ho -99 4.SE+OO 2.E -03 6.SE-05 2.6E-01 2.E-07 3.E-12 1.E-08 
P-32 8.JE-02 4.E-05 2.JE -03 3.6E+OO 4.E-09 1.E-10 2. E-07 
P-33 1.?E-02 8.E-06 1. SE-03 1.4E+OO 8.E-10 9.E-11 7.E-08 

Pd-103 1.4E+OO 7.E-04 5.0E -05 3.3E+OO 7.E-08 2.E-12 2.E-07 
Ra -226 7.0E+02 3.E-01 1. SE-02 1.2E+02 3.E-04 9.E-10 6.E-06 
Se-75 1.2E-01 6.E-05 1.?E-01 1.6E+02 6.E-09 8.E-09 8.E-06 

Sm -153 1. 2E-02 6.E-06 2.9E -07 2. lE-04 6.E-10 1.E-14 1.E-11 
Sn- 11 7m 8. JE-02 4.E- 05 5.4E- 06 9.2E-02 4.E-09 3.E-13 5.E-09 
Sr -85 1.?E-02 8.E- 06 1.SE-03 1. 4E+OO 8.E-10 9. E-11 7.E-08 
Sr-89 1. BE-01 9.E-05 7.SE-03 5. lE+OO 9.E-09 4.E-10 3.E-07 
Y-91 2.JE-01 1. E-04 2.?E-05 6.JE-01 1.E-08 1. E-12 3.E-08 

* Doses include prima ry product and selected impurities (s001e impurities were not incl uded because they were not in the radionuclide library ) . Ra -
226 target includes t arget material. selected impurities . and products Ac-227 . Th-228 . and Th-229 . 

** External / Inhalation doses include the inhalation, air submersion. and ground surface external dose pathways . They assune exposure to the entire 
plune with no protect ive action . Doses fr001 ingestion of contaminated food products are reported separately and assume no interdiction of 
contaminated food. Ingestion doses are reported by season when the event occurs to reflect the range of possible consequences that might result 
(mini mun = Wi nter : maximum= Autumn) . 

*** LCF ass uming the accident occurred. i. e . . not taki ng credit for t he probabi l ity of t he acci dent or for the frequency of the atmospheric 
condit ions . 
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Table 10. Consequences of Potential Accidents During Medical Isotope Target Processing at Hanford 325 Building 
(Sheet 1) Consequences to Onsite Worker and Individual at Nearest Public Access Location 
Extremely Unlikely Accident - Loss of Power and Explosion 
Event Frequency= lE-6 to lE-4/year 
Frequency of atmospheric conditions= <O.SX 
Relative frequency of atmospheric conditions (compared to anticipated condi tions at SOX frequency)= <0.01 

HNF-1843, Rev. 0 

Receptor/ Onsite Worker Nearest Publ ic Access 
Location 100 m NE of 325 Building 470 m WNW of 325 Buildi ng 

Dose to Dose to 
Isotope Target (by primary Individual Indivi dual Risk Individual Individual Risk 

product except Ra -226*) (rem)**LCF*** of an LCF (rem)**LCF*** of an LCF 

Cd-109 7.9E+003.E-03 3.E-09 9.3E -015.E-04 5.E-10 
Cu -64 4.4E-042.E -07 2.E-13 5.SE-053.E-08 3.E-14 

Gd-153 l.8E+007 .E-02 7. E-08 1.lE-015. E-03 5.E-09 
Ho -166 1. 2E-035. E-07 5.E-13 1.4E-047 .E-08 7.E -14 
I-125 8.1E+003.E-03 3.E-09 9.SE-015 .E-04 5.E-10 
1-131 8.0E+003 .E-03 3.E-09 9.6E-015.E-04 5.E -10 
lr -192 l.5E+Ol6. E-Ol 6.E-07 l .7E+009.E-02 9.E-08 
Mo-99 2.2E-019.E-05 9. E-11 2.BE-021.E-05 l.E-11 
P-32 9.3E-034 .E-06 4.E-12 l.lE-036.E-07 6. E-13 
P-33 1. BE-037 . E-07 7.E-13 2.2E-041.E-07 1. E-13 

Pd -103 7.?E-023.E-05 3. E-11 9.0E-035.E-06 5.E-12 
Ra-226 6.5E+Ol5 .E-02 5.E-08 8.0E+004 .E-03 4.E-09 
Se-75 7.2E- 033 E- 06 3.E-12 8.SE-044 .E-07 4.E-13 
Sm-153 1. 4E-036. E-07 6.E-13 l.7E-049.E-08 9.E-14 

Sn -11.?m 7.6E-033 .E-06 3.E-12 9. lE-045. E-07 5.E~l3 
Sr-85 7.BE-033.E-06 3.E-12 1. OE -035. E-07 5.E-13 
Sr-89 l.9E-028 .E-06 8.E-12 2.2E-031.E-06 1. E-12 
Y-91 3.0E-021.E-05 l.E-11 3.9E-032 .E-06 2. E-12 

* Doses include primary product and se lected impurities (some impurities were not included because they were not in the radionuclide library) . Ra-226 
target includes target material. se lected impurities. and products Ac-227, Th -228. and Th-229. The target is processed in four separate runs t o reduce 
the amount of material that can be released in an accident . 

** Calculated doses are for the inhalation . air submersion. and ground surface external dose pathways. They assume exposure to the entire plume and 
include no protective action other than evacuation after the plume passage. 

*** LCF assuming the accident occurred. i.e .. not taking credit for the probability of the accident or for the frequency of the atmospheric conditions. 
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Table 10. Consequences of Potential Accidents During Medical Isotope Target Processing at Hanford 325 Building 
(Sheet 2) Consequences to Offsite Resident 
Extremely Unlikely Accident• Loss of Power and Explosion 
Event Frequency= lE-6 to lE -4/year 
Frequency of atmospheric conditions - <O .St 
Relative frequency of atmospheric conditions (compared to anticipated conditions at sot frequency) = <0.01 

Receptor Offsite Resident 

Location 1300 m ENE of 325 Building 

Dose (person -rem),... and LCF....,. to Individual Indivi dual Ri sk of an LCF 

Consequences by Exposure External/ LCF,...* From Ingestion Ingestion External/ Ingestion Ingestion 
Pathway Inhalation Ext/Inh Dose (Winter) (Autumn) Inhalation (Winter) (Autumn) 

Cd-109 4.7E-01 2.E-04 1.lE-01 3.9E+OO 2.E-10 6.E-11 2.E-09 
Cu-64 l.OE-04 5.E-08 l .4E-04 8.3E-03 5.E-14 7.E-14 4.E-12 

Gd -153 9.3E-02 5.E-05 3.2E-05 2.lE-01 5.E-09 2.E-12 l .E-08 
Ho -166 7.0E-05 4.E -08 l .OE-09 7.0E-06 3.E-14 5.E-19 4. E-15 
I-125 6.SE-01 3.E-04 3.6E-Ol 9.0E+02 3.E-10 2.E-10 l.E-06 
1-131 7.9E-01 4.E-04 4.9E-04 1. OE+02 4.E-10 2.E-13 l.E -06 
!r-192 2.lE+OO 1. E-03 8.0E-04 4.2E+OO l.E-07 4. E-11 2.E-07 
Mo-99 1.7E-02 9.E-06 5.lE-07 1.lE-02 9.E-12 3. E-16 6.E-12 
P-32 5.SE-04 3.E-07 2.lE-05 2.lE-02 3.E-13 l.E-14 1. E-11 
P-33 1.lE-04 6.E-08 l.6E-05 7.4E-03 6.E -14 8.E-15 4.E-12 

Pd-103 4.SE-03 2.E-06 3.7E-07 2.0E-02 2.E-12 2.E-16 l.E-11 
Ra-226 4.0E+OO 2.E-03 1.0E-04 1. SE+OO 2.E-09 5.E-12 8.E-08 
Se-75 2. 0E -03 l.E-06 2.SE-03 1. 2E+OO 1. E-12 1. E-12 6.E-10 
Sm-153 8.7E-05 4.E-08 2.2E-09 2.4E-05 4.E-14 1. E-18 l.E-14 
Sn-117m 6.lE-04 3.E-07 3.7E-08 l.SE-03 3.E-13 2.E-17 9.E-13 
Sr-85 6.0E-03 3.E-06 5.SE-05 l.lE-02 3.E-12 3.E-14 6. E-12 
Sr-89 1. lE-03 6.E-07 1.lE-04 3.SE-02 6.E-13 6.E-14 2. E-11 
Y-91 1. SE-03 8.E-07 2.SE-07 5.2E-03 8. E-13 1. E-16 , 3. E-12 

* Doses include primary product and selected il1"4)urities (some il1"4)urities were not included because they were not in the radionuclide library) . Ra -226 target includes 
target material. selected il1"4)urities . and products Ac -227. Th-228. and Th -229. 

** External/Inhalation doses include the inhalation . air submersion . and ground surface external dose pathways . They assume exposure to the entire plume with no 
protective action . Doses from ingestion of contaminated food products are reported separately and assume no interdiction of contaminated food . Ingestion doses are 
reported by season when the event occurs to reflect the range of possible consequences that might result (minimum • Winter : maximum • Autumn). 

*** LCF assuming the accident occurred. i .e . . not taking credit for the probability of the accident or for the frequency of the atmospheric conditions . 
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Table 10 . Consequences of Potential Accidents During Medical Isotope Target Processing at Hanford 325 Building 
(Sheet 3) Consequences to Collective Population 
Extremely Unlikely Accident• Loss of Power and Explosion 
Event Frequency= lE -6 to lE-4/year 
Frequency of atmospheric conditions= <O.St 
Relative frequency of atmospheric conditions (compared to anticipated conditions at sot frequency)= <0 .01 

Receptor/Location Population within 0-50 mi from 300 Area 

Dose (person -rem)..,.. and LCF,,..... to Collective Population Risk to Collective Population (LCF) 

Consequences by Exposure External/ LCF,,..... From Ingestion Ingestion External/ Ingestion Ingestion 
Pathway Inhalation Ext/Inh Dose (Winter) (Autumn) Inhal ation (Winter) (Autumn) 

Cd-109 9.6E+03 5.E+OO 9.8E+02 4.0E+04 5.E-06 5.E -07 2.E-05 
Cu-64 7.SE-01 4.E-04 1. lE+OO 1.3E+02 4.E-10 6.E-10 7.E-08 

Gd-153 1. 6E+03 8.E-01 1. BE-01 2.3E+03 8.E-07 9.E-11 1. E-06 
Ho-166 6.0E-01 3.E-04 9.2E-06 1. 5E -04 3.E-10 5.E-15 8.E-14 
I-125 1. 3E+04 6.E+OO 4.8E+03 6.4E+06 6.E-06 2.E-06 3.E-03 
I-131 1.4E+04 7.E+OO 4.9E+OO 5.6E+05 7.E-06 2.E-09 3.E-04 
Ir -192 1. 7E+04 9.E+OO 7.2E+OO 2.0E+04 9.E-06 4.E-09 1.E-05 
Mo -99 3.0E+02 1.E-01 4.5E-03 1.7E+Ol 1.E-07 2.E-12 9.E-09 
P-32 5.5E+OO 3.E-03 1.5E-01 2.4E+02 3.E-09 8.E-11 1. E-07 
P-33 1. lE+OO 6.E-04 1.2E-01 9.6E+Ol 6.E-10 6.E-11 5.E-08 

Pd-103 9.6E+Ol 5.E-02 3.3E-03 2.2E+02 5.E-08 2 E-12 1.E-07 
Ra-226 4.0E+04 2.E+Ol 1. lE+OO 8.0E+03 2.E-03 6.E-10 4.E-06 
Se-75 8. lE+OO 4.E-03 1. lE+Ol 1.0E+04 4.E-09 6.E-09 5.E-06 
Sm-153 8.0E-01 4.E-04 1.9E-05 1.4E-02 4.E-10 1. E-14 7.E-12 

Sn-117m 5.SE+OO 3.E-03 3.6E-04 6.lE+OO 3.E-09 2.E-13 3.E-09 
Sr-85 1. lE+OO 6.E-04 1.2E-01 9.6E+Ol 6.E-10 6. E-11 5.E-08 
Sr-89 1. 2E +01 6.E-03 5.0E-01 3.4E+02 6.E-09 3.E-10 2. E-07 
Y-91 1. SE +01 8.E-03 1.BE-03 4.2E+Ol 8.E-09 9.E-13 2.E-08 

* Doses include primary product and selected impurities (some impurities were not included because they were not in the radionuclide library) . Ra-226 
target includes target material. selected impurities . and products Ac-227 . Th -228. and Th-229 . -

** External / Inhalation doses include the inhalation , air submersion. and ground surface external dose pathways. They as sume exposure to the entire plume 
with no protective action . Doses from ingestion of contaminated food products are reported separately and ass ume no interdiction of contaminated food . 
Ingestion doses are reported by season when the event occurs to reflect the range of possible consequences that might result (minimum= Winter: maximum = 
Autumn ). 

*** LCF assuming the accident occur red . i.e .. not taking credit for the probability of the accident or for the frequency of the atmospheric conditi ons. 
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Table 11. Consequences to Involved Workers from Accidents during Medical Isotope Processing 
at the Hanford Site 325 Buil~g 

Time to Accumulate 
Irradiation Dose* (minutes) 

Isotope Vehicle 25 rem 100 rem 

Cladding R3 1. 3E+Ol 5.0E+Ol 
Cladding LIV 2.0E-01 8.lE-01 

P-32 R3 3.0E+04 1. 2E+05 
P-33 LIV l .4E+06 5.5E+06 
Au-198 R3 5.2E+02 2.1E+03 
Cd -109 LIV 5.6E+02 2.2E+03 
Cu -64 R3 6.1E+03 2.4E+04 
Cu-67 R3 l.3E+04 5.1E+04 
Gd-153 LIV 4.2E-Ol 1. 7E+OO 
Ho-166 R3 4.7E+04 1. 9E+05 
I-125 GAS l .2E+02 4.6E+02 
I-131 R3 6.4E+Ol 2.6E+02 
Ir-192 LIV 2.5E-Ol 1. OE+OO 
Lu-177 -R3 l .5E+05 5.8E+05 
Mo-99 R3 1. 2E+Ol 4.6E+Ol 
Os-194 LIV 3.6E+Ol 1.4E+02 
Pd-103 R3 2.1E+04 8.5E+04 
Pt-195m R3 7.0E+04 2.8E+05 
Ra-226 · LIV 3.0E+03 1.2E+04 
Re-186 R3 8.8E+02 3.5E+03 
Sc-47 R3 6.8E+03 2.7E+04 
Se-75 LIV l.2E+03 4.9E+03 
Sm-145 LIV 8.0E+05 3.2E+06 
Sm-153 R3 3.0E+04 1.2E+05 
Sn -117m R3 l.1E+03 4.3E+03 
Sr-85 LIV 1. 9E+02 7.6E+02 
Sr-89 LIV 8.9E+05 3.5E+06 
W-188 LIV 2.9E+OO 1. 2E+Ol 
XE-127 LIV 5.8E+02 2.3E+03 
Y-91 LIV 4.7E+04 1. 9E+05 

* Times reported for medical isotope product assemblies do not include doses from activated cladding . · 
Doses for activated stainless steel cladding are reported separately in the table . 
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1 This appendix provides detailed analyses of the transportation impacts 
2 associated with transport of irradiated tritium and medical isotope targets 
3 under both incident- free and accident scenarios. 
4 
5 
6 CALCULATION OF TRANSPORTATION IMPACTS 
7 
8 Following are two technical reports on transportation impacts. The 
9 first report focuses on the transport of irradiated tritium targets from the 

10 Hanford Site to the Savannah River Site . The second report focuses on the 
11 transport of medical isotopes. The medical isotope report examines the 
12 transport of nonradiological target materials to the Hanford Site, the 
13 transport of unirradiated and irradiated medical isotope targets within the 
14 Hanford Site, and the transport of medical isotope products to pharmaceutical 
15 distributors. 
16 
17 Offsite shipments of irradiated materials would be made in shipping 
18 casks licensed by the U.S . Nuclear Regulatory Commission (NRC). Onsite 
19 shipments would be made in casks which provide equivalent safety, but may not 
20 be licensed by the NRC. All transportation activities - including shipment 
21 documentation, ·manifesting, placarding, and labeling -would be conducted in a 
22 manner consistent with Department of Transportation (DOT) regulations (49 CFR 
23 Parts 100-199) . These regulations are designed to ensure that the 
24 transportation of radioactive materials is done safely. Although all 
25 transportation operations would be conducted in accordance with applicable 
26 regulations, potential risks to human health are associated with both normal 
27 transportation conditions and accidents . 
28 
29 Both reports present a discussion of the computer models and computation 
30 methods used to calculate transportation impacts, transportation routes , 
31 shipping casks, and the assumptions used to estimate transportation impacts. 
32 Incident-free and accidental impacts are assessed using bounding source terms. 
33 For example, the medical isotope, iodine-125 analysis conservatively assumed 
34 that the total amount produced at FFTF in a year (l . 4E+04) was transported in 
35 a single shipment, when up to 17 shipments per year for this inventory would 
36 be anticipated. 
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TRANSPORTATION RISK ASSESSMENT FOR THE SHIPMENT OF IRRADIATED 
FFTF TRITIUM TARGET ASSEMBLIES FROM THE HANFORD SITE TO THE 

SAVANNAH RIVER SITE 

INTRODUCTION 

Production of tritium using the Fast Flux Test Facility (FFTF) would require the shipment 
of irradiated tritium target pins from FFTF to the Savannah River Site (SRS) for processing at the 
Tritium Extraction Facility (TEF). This report presents quantitative estimates of the human health 
risks posed by such shipments, including a discussion of the analytical methods and key 
assumptions employed in the assessment. Potential risks to workers and members of the public 
during normal transport and accident conditions are assessed. The scope of this transportation risk 
assessment is limited to the shipment of irradiated tritium targets from FFTF to SRS. Shipments of 
unirradiated targets and fresh nuclear fuel from manufacturers to the FFTF, and shipments of waste 
material and spent nuclear fuel from FFTF to storage or disposal facilities are not addressed. 

During the operational period, several shipments containing irradiated targets would occur 
each year. The targets would be packaged in robust, Type-B shipping casks licensed by the U.S. 
Nuclear Regulatory Commission (NRC). These shipping casks must meet stringent federal 
standards ( 10 CFR 71) and are designed and constructed to contain their contents during both 
normal transport and during postulated transportation accidents. Casks potentially could be shipped 
by either truck or rail. All transportation activities - including shipment documentation, 
manifesting, placarding, and labeling - would be conducted in a manner consistent with 
Department of Transportation (DOT) regulations ( 49 CFR Parts 100-199). These regulations are 
designed to ensure that the transportation of radioactive materials is done safely. Although all 
transportation operations would be conducted in accordance with applicable regulations, potential 
risks to human health are associated with both normal transportation conditions and accidents. 

During normal operations, workers and members of the public can be exposed to a low-level 
radiation field (generally gamma radiation) in the vicinity of a loaded shipping cas.k. This field, 
which is limited to low levels by Federal regulations (10 CFR 71), exists because the irradiated 
tritium targets emit penetrating radiation (gamma radiation) that is reduced, but not eliminated, by 
the shielding contained in the shipping cask. The radiation field around a cask decreases with the 
distance from the cask. The total radiation exposure of workers and the public depends on the 
strength of the · radiation field, the distance from the cask, and the number and duration of 
exposures. Workers and members of the public living along a route, sharing the route, or at stops 
along the route, could receive small doses of radiation during each shipment. 

During accident conditions, potential exposur~s to radiation can occur if the shipping cask 
is damaged such that the shielding is reduced or radioactive material is released from the cask to the 
environment. The NRC has estimated that certified Type B casks will survive approximately 99.4% 
of truck and rail accidents without releasing any of their contents (Fischer et al. 1987). 
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Nevertheless, there is a possibility that radioactive material will be released to the environment 
under extremely severe accident conditions. The radioactive material released could be dispersed by 
the wind, potentially exposing members of the public through inhalation, direct radiation, and 
possible ingestion. The probability of an accident occurring depends on the total number of 
shipments, the distance traveled, and the accident rates along the shipment route. The risk 
associated with an accident depends on whether or not a release occurs, the location of the accident 
(whether it is in a rural, suburban, or urban area), the weather conditions at the time of the accident, 
and the type and amount of radioactive material released to the environment. 

Risks are also associated with the operation of the transport vehicles themselves (i.e., trucks 
and trains), unrelated to the radioactive nature of the cargo. These risks, commonly called "vehicle
related" or "nonradiological" risks, include the potential health impacts from exposure to vehicle 
exhaust emissions and the risks from transportation accidents that result in traffic fatalities from the 
physical forces of the accident. 

The following sections describe the tritium targets, the shipment scenarios considered, the 
technical assessment approach, the major assessment assumptions, and the assessment results. 

TARGET CHARACTERISTICS AND SHIPMENT SCENARIOS 

The reference tritium target assembly is assumed to consist of 19 target pins bound together 
in a hexagonal arrangement. The target pins each have a diameter of 0.938 inches and contain solid 
lithium aluminate pellets encased within stainless steel cladding. A nickel coated Zircaloy getter 
surrounds the lithium pellets. The tritium produced by irradiation is contained within the lithium 
aluminate and getter material. In addition to tritium, irradiation results in the formation of a variety 
of activated metals in the stainless steel target cladding. Because these activation products are 
produced within the metal, they are unlikely to be available for release in an accident, although they 
will contribute to the external gamma dose rate in the vicinity of irradiated targets. 

Following irradiation, the tritium targets would be packaged in Type B casks and shipped 
by truck or rail from FFTF to SRS. Shipments of the irradiated targets co~ld consist of either intact 
assemblies or consolidated pins (i.e., disassembling the target assemblies and repackaging the 
individual pins). Because the exact shipment conpguration is uncertain at this time, two credible 
shipment scenarios, defined based on existing FFTF infrastructure and Tritium Extraction Facility 
interface requirements (Nielsen 1997), have been evaluated in this report: 

• Scenario 1. Shipments would consist of consolidated pins in a "close-packed" arrangement. 
As an upper bound, this loading configuration would consist of 361 pins per shipment 
(equivalent to 19 intact target assemblies). It is assumed that a maximum of 77 target 
assemblies (19 pins per target) would be disassembled and the pins shipped each year, 
resulting in an annual total of 4 cask shipments. Based on a design production goal of 2.89 
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grams of tritium per pin and a specific activity for tritium of 9.64 x 103 Ci/g, the total 
activity of tritium would be about 10 x 106 Ci per shipment. 

• Scenario 2. For scenario 2, shipments were assumed to consist of 80 pins in a close-packed 
arrangement. Because each shipment would contain fewer pms than defined for scenario 1, 
this loading configuration would require approximately 18 cask shipments each year, with 
a total tritium activity of about 2 x 106 Ci per shipment. 

From a risk perspective, two differences between the scenarios are important to note. First, 
the two scenarios differ in the annual number of shipments, requiring 4 and 18 cask shipments per 
year for scenarios 1 and 2, respectively. Over a given route, the probability of an accident occurring 
increases proportionally with the number of shipments (i.e., the probability of an accident occurring 
is 4.5 times greater (18 + 4) for scenario 2 than scenario 1). Second, the two scenarios differ in the 
total inventory of tritium per shipment, with scenario 1 having five times the amount of tritium per 
shipment than scenario 2. Consequently, the amount of tritium potentially released in an accident 
is 5 times greater for scenario 1 than scenario 2. Thus, although the probability of an accident is 
smaller for scenario 1, the potential consequences, if an accident occurred, are greater. Because the 
quantification of accident risk takes into account both the probability and consequence of accident 
occurrences, the differences between the two scenarios tend to balance one another, resulting in 
similar overall accident risks. 

It was assumed for the purposes of this risk assessment that a Type B cask was available for 
both scenarios 1 and 2 and that the cask was capable of being shipped by either legal weight truck 
or rail. Note that because all Type B casks are designed to meet the same performance criteria, the 
results of the risk assessment depend only on the capacity of a cask and not on the characteristics of 
the specific cask used. 

RISK ASSESSMENT METHODOLOGY 

The transportation risk assessment is used to estimate the reasonably foreseeable risks to 
workers and members of.the public for both routine and accident conditions. In terms of specific 
receptors, risks are estimated for the entire population of potentially exp~sed people, as well as for 
maximally exposed individuals. As introduced above, during the normal or routine transportation 
of radioactive materials, radiological risks are caused by exposure to external penetrating radiation 
in the vicinity of loaded shipments. (For the majority of DOE radioactive material shipments, 
external exposure rates are limited by Federal regulations to a maximum value of 10 rnrem/h 
measured 2 m from the lateral surfaces of the transport vehicle.) The radiological risks from 
transportation accidents result from the potential release and dispersal of radioactive material to the 
environment. 

The technical approach for conducting the transportation risk assessment is shown in Figure 
l.(Note: all tables and figures are placed at the end of the text.) The approach used is identical to 
that used in several recent DOE NEPA assessments, including the INEL Programmatic Spent 
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Nuclear Fuel Management EIS (DOE 1995), the DOE NonProliferation Policy Concerning Foreign 
Research Reactor Spent Nuclear Fuel EIS (DOE 1996), and the Programmatic Waste Management 
EIS (DOE 1997). The approach utilizes the RADTRAN 4 computer code (Neuhauser and Kanipe 
1992) to estimate the collective population risk during routine and accident transportation 
conditions. The collective population risk is a measure of the total radiological risk posed to society 
as a whole by the shipments being considered. As such, the collective population risk is used as the 
primary means of comparison among different shipments or alternatives. In addition to collective 
population risks, supplemental analyses are conducted using the RISKIND computer code (Yuan 
et al. 1995) to address areas of specific concern to individuals or population subgroups. RISKIND 
is used for estimating routine doses to maximally exposed individuals and for assessing the 
consequences of the most severe credible transportation accidents. The supplemental analyses are 
primarily meant to address "what if' questions, such as, "what if I live next to a site access road?" 
or "what if an accident happens near my t_own?" 

The RADTRAN 4 computer code was developed by Sandia National Laboratories to 
calculate the collective population risks associated with the transportation of radioactive materials 
by a variety of modes, including truck, rail, air, ship, and barge. The code has been extensively 
reviewed, updated, and verified since it was issued in the late 1970s, and the latest version is 
available for use by DOE and its contractors through the TRANSNET computer network. 

The RADTRAN 4 risk calculations for routine transportation include models describing 
(1) collective doses to persons living or working adjacent to the transport route, (2) collective doses 
to persons sharing the transport route, (3) collective doses to persons at stops (e.g. , refueling stops 
or rail classification yards), and (4) collective doses to transportation crew members. The doses 
calculated by using the first three models are added together to yield the collective risk to the 
public; the dose calculated by using the fourth model represents the collective risk to workers. The 
RADTRAN routine dose models are not intended to be used for estimating specific risks to 
individuals. 

Accident occurrences are statistical in nature; therefore, accident risk is ·commonly defined 
as the product of the accident consequence (dose) and the probability of the accident occurrence. In 
this respect, the RADTRAN code estimates the collective accident risk to populations by 
considering a spectrum of credible transportation accidents. The accident spectrum is designed to 
encompass the range of all possible accident environments, including low probability accidents that 
have high consequences, and high probability accidents that have low consequences. Accident 
frequencies are generally derived from historical records for the transport mode being considered. 
The calculation of collective accident risk employs models that quantify the range of potential 
accident severities, the package response to a particular accident environment, and the exposure of 
populations following the dispersion and transport of released radioactive material into the 
environment. The exposure pathways include external exposure to the passing r'adioactive cloud as 
well as from contaminated ground, and internal exposure from inhalation of airborne contaminants 
and ingestion of contaminated food . The collective accident risk results can be directly compared 
to the routine population risks because they incorporate the probability of accident occurrences. 
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The RISKIND computer code was developed for the DOE Office of Civilian Radioactive 
Waste Management for the specific purpose of analyzing the exposures of individuals during the 
routine transportation of spent nuclear fuel. In addition, the RISKIND code is designed to allow a 
detailed assessment of the consequences to individuals and population subgroups from accidents 
involving shipments of other radioactive materials under various environmental settings. 

RISKIND is used to address "what if' questions in two. areas. First, RISKIND is used to 
calculate the dose to maximally exposed individuals for a number .of hypothetical exposure 
scenarios during routine conditions. Second, RISK.IND is also used to provide a detailed assessment 
of the consequences of the most severe transportation accidents. Whereas the RAD TRAN accident 
risk assessment considers the entire range of accident severities and their related probabilities, the 
accident consequence assessment assumes that an accident of the highest credible severity has 
occurred. These accidents represent low probability, high consequence events. The actual 
probability of accidents of this magnitude occurring depends on the total shipment distance for each 
alternative; however, accidents ofthis severity are extremely rare in general. Detailed consequence 
calculations are performed using RISKIND for accidents occurring in rural, suburban, and urban 
population density zones. The exposure pathways considered are similar to those discussed above 
for RADTRAN. Accident consequences are assessed for local populations as well as maximally 
exposed individuals for various meteorological conditions. 

N onradiological impacts are also estimated for both routine and accident conditions. The 
nonradiological impacts during routine conditions are associated with exposure to vehicle exhaust 
emissions, and are calculated based on the total route mileage in urban areas and health risk factors 
provided in Rao (1982). The nonradiological impacts from accidents are defined as fatalities caused 
by accident occurrences, unrelated to the radioactive cargo. The number of traffic-accident fatalities 
are estimated by multiplying the total round-trip shipment distance by the appropriate accident 
fatality rates, which are based on DOT statistics. State-level accident data are utilized in this 
assessment. 

PARAMETERS AND ASSUMPTIONS 

The RADTRAN and RISKIND computer codes require that a number of parameters be 
specified. These parameters describe such factors as the radiological inventory, package 
characteristics, route and mode characteristics, and the package response in accident environments. 
In general, the best available data specific to the FFTF target shipments have been used in the risk 
assessment models. However, in certain cases FFTF target specific data are unavailable or highly 
uncertain at this time. Consequently, conservative assumptions have been made for purposes of the 
risk assessment. These conservative assumptions are intended to over-estimate the actual risks that 
would be incurred during shipments of the tritium targets. Similar parameters and assumptions have 
been used in the RADTRAN and RISKIND models. The major input parameters and assumptions 
used in the risk assessment are discussed below. 
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Shipment Radiological Inventory. The assessment of accident risk depends on the radiological 
inventory, defined as the type and quantity of radionuclides that could be released and dispersed 
during an accident. For shipments of irradiated tritium targets, the radionuclide of concern is tritium 
(H-3); no other volatile radionuclides are expected to be produced in the targets (Nielsen 1997). The 
total shipment inventories of tritium are equal to 10 x 106 Ci per shipment for scenario 1, and 2 x 

106 Ci per shipment for scenario 2. 

Although a variety of activated metals are induced in the target cladding and getter, these 
elements are unlikely to be available for release in an accident (Nielsen 1997). The potential release 
of activated metals was considered in the accident assessment; however, activated metals were 
found to contribute a negligible radiation dose compared to tritium (i.e., less than 0.1 % of the total 
dose) following a release. 

Packaging/Shipment Configuration. All transportation activities must take place in accordance 
with the applicable regulations of the U.S. Department of Transportation (DOT) and U.S . Nuclear 
Regulatory Commission (NRC) (Code of Federal Regulations [CFR] Title 10, Part 71, and Title 49, 
Part 173 ). Shipments of irradiated tritium targets would take place in Type B casks, which must 
provide a high degree of assurance that even in severe accidents the integrity of the package will be 
maintained with essentially no loss of the radioactive contents or serious impairment of the 
shielding capability. Irradiated tritium targets were assumed to take place by exclusive-use trucks 
or by general freight trains, with one cask per truck or railcar. Because a specific Type B cask has 
not yet been identified, a generic cylindrical cask 3 m in length was assumed for assessment 
purposes (RADTRAN uses a I-dimensional line source model for dose calculations based on the 
largest package dimension). 

External Cask Dose Rate. The risk during routine transport conditions depends on the external 
dose rate in the vicinity of a loaded shipment. For exclusive-use shipments, the maximum external 
dose rate is limited by federal regulations to a value of 10 mrem/h measured at 2 m from the lateral 
surfaces of the conveyance. The actual dose rate will be a function of the composition and 
configuration of shielding and containment materials used in the packaging, the geometry of the 
loaded shipments, and characteristics of the targets. Because the specific cask to be used for 
shipments and the dose rate from irradiated targets are uncertain at this time, the cask external dose 
rate was conservatively assumed to be equal to the regulatory limit (i.e., 10 rnrem/h at 2 m) for both 
scenarios 1 and 2. 

Shipment Route/Population Data. The DOT's public highway routing regulations are prescribed 
in 49 CFR 177 (Docket HM-164a). The regulation's objectives are to reduce the impacts of 
transporting radioactive materials, to establish consistent and uniform requirements for route 
selection, and to identify the role of state and local governments in the routing of radioactive 
materials . The regulations attempt to reduce potential hazards by avoiding populous areas and by 
minimizing travel times. Further, they require that the carrier of radioactive materials ensure that 
the vehicle is operated on routes that minimize radiological risks, that accident rates, transit times, 
population density and activity, time of day, and day of week are considered in determining risk. 
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A shipment of a "highway route controlled quantity" of radioactive materials is required by 
Docket HM-164 to use the interstate highway system except when moving from origin to interstate 
or from interstate to destination, when making necessary repair or rest stops, or when emergency 
conditions make continued use of the interstate unsafe or impossible. Carriers are required to use 
interstate circumferential or bypass routes, if available, to avoid populous areas. Other "preferred 
highways" may be designated by any state or Indian tribe to replace or supplement the interstate 
system. Under its authority to regulate interstate transportation safety, the DOT can prohibit state 
and local bans and restrictions as "undue restraint of interstate commerce." State or local bans will 
be preempted if inconsistent with Docket HM-164. Similar routing requirements do not exist for 
rail transportation. 

For the risk assessment, representative highway and rail routes from the Hanford Site to 
SRS were generated and analyzed by using the routing models HIGHWAY (Johnson et al. 1993a) 
and INTERLINE (Johnson et al. 1993b), respectively. Both routing models were developed by Oak 
Ridge National Laboratory. These routing models are updated periodically to reflect current road 
and track conditions and have been bench-marked against the reported shipment distances and 
observations of commercial firms. The Hanford to SRS route information, including distance and 
fractions of travel in urban, suburban, and rural population zones, is provided in Table 1 for truck 
shipments and Table 2 for rail shipments. Route-specific population data was used in the risk 
assessment. The routes calculated conform to current routing practices and all applicable routing 
regulations and guidelines, but do not necessarily represent the actual route that will be used in the 
future. 

For the accident consequence assessment, average population densities were used for 
accidents in rural, suburban, and urban areas. The populations densities used were 7; 800; and 1,900 
persons/km2 for rural, suburban, and urban areas, respectively. 

Accident Rates. For the calculation of accident risks, state-specific accident rates were taken from 
data provided in Saricks and Kvitek (1994). State-specific truck accident rates were based on 
statistics compiled by the DOT Office of Motor Carriers for the period 1986 through 1988. For 
highway shipments, the accident rates were computed specifically for heavy-combination trucks 
involved in interstate commerce and separate accident rates were used for rural, suburban, and 
urban population density zones in each state. A summary of the accident occurrence and fatality 
statistics for the states traversed by the shipment routes is provided in Table 3. 

Accident Severity and Cask Release Characteristics. Accident risks are typically calculated by 
describing the expected release from a cask as a function of the severity of the accident. Accident 
severity ranges from relatively minor accidents, for which no release would be expected, to 

. extremely severe accidents, for which a release of some magnitude could potentially occur. The 
amount released from a package in an accident depends on characteristics of both the package and 
the material within the package. 
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For Type B casks, the range of all potential transportation accident severities has been 
described in a U.S. Nuclear Regulatory Commission (NRC) report called the Modal Study (Fischer 
1987). The Modal Study was used as the basis for the accident risk assessments conducted for both 
the INEL Programmatic Spent Nuclear Fuel Management EIS (DOE 1995) and the DOE 
NonProliforation Policy Concerning Foreign Research Reactor Spent Nuclear Fuel ElS ( 1996 ). The 
Modal Study accident classification scheme categorizes accidents as a function of the magnitudes 
of the mechanical forces (impact) and thermal forces (fire) to which a package may be subjected. 
Twenty different accident response categories are defined, which are typically combined into six 
levels of accident severity for risk assessment purposes. A conditional probability is assigned to 
each category, with minor accidents being the most frequent and severe accidents the most rare. The 
accident severity scheme is designed to take into account all credible transportation accidents, 
including accidents with low probability but high consequences and those with high probability but 
low consequences. The Modal Study estimates that Type B casks will survive approximately 99.4% 
of all truck and rail accidents without releasing any of the shipment contents. The remaining 0.6% 
of accidents would thus involve some level of release. 

For each severity category, the Modal Study presents estimates of release fractions, defined 
as the fraction of the radioactive material in a package that could be released to the environment. 
However, the release fractions presented in the Modal Study are specific to spent nuclear fuel 
assemblies and are therefore not necessarily representative of tritium target assemblies. 
Consequently, a conservative and simplified approach was taken for this risk assessment based 
upon the expected performance of tritium targets under accident conditions. 

The maximum release fraction for tritium from a damaged target assembly has been 
conservatively estimated to be approximately 0.8% (Nielsen 1997). Although it would be expected 
that the release fraction would be less for accidents oflesser severity, for this risk assessment it was 
assumed that if the accident severity was sufficient to result in a release from the cask (i.e., 0.6% of 
all accidents), then the maximum tritium release would occur. Therefore, two accident severity 
categories and corresponding release fractions were used in the assessment, as summarized in 
Tables 4 and 5. The tritium was assumed to be released as water vapor. The .release fraction for 
activated metals was assumed to be 5 x 10-s (Neuhauser and Kanipe 1992). 

Based on the release fraction for tritium presented in Table 4, the maximum release of 
tritium to the environment in severe accidents would be approximately 80,000 Ci for scenario 1 and 
16,000 Ci for scenario 2. 

Meteorological Conditions. Because it is impossible to predict the specific location of a 
transportation accident, generic meteorological conditions were selected for the risk (RADTRAN 
calculations) and consequence (RISKIND calculations) assessments. For the accident risk 
assessment, neutral weather conditions (Pasquill Stability Class D) and an average wind speed of 
4 mis were assumed. Since neutral meteorological · conditions comprise the most frequently 
occurring atmospheric stability condition in the United States, these conditions are most likely to 
be present in the event of an accident. For the accident consequence assessment, doses were 
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assessed under both neutral (Class D) and stable (Class F) atmospheric conditions, with respective 
wind speeds of 4 and 1 mis. Results calculated for neutral conditions are meant to represent the 
most likely consequences, and the results for stable conditions a "worst-case" weather situation. 

Maximally Exposed Individual Exposure Scenarios. For routine transportation conditions, the 
risk to maximally exposed individuals has been estimated using RISKIND for a number of 
hypothetical exposure scenarios. The dose to each maximally exposed individual considered is 
calculated for a given distance, duration, and frequency of exposure specific to that receptor. 
The distances, durations, and frequencies of exposure are similar to those given in previous 
transportation assessments (DOE 1995, DOE 1996, DOE 1997). The exposure scenarios are not 
meant to be exhaustive but were selected to provide a realistic range of potential exposure 
situations. The exposure scenarios considered are the following: 
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1. Crew Members (truck and rail). Crew members are assumed to be occupational radiation 
workers and would be monitored by a dosimetry program. Therefore, the maximum allowable 
dose would be 5 rem/yr, although DOE maintains an administrative control level of 2 rem/yr. 

2. Inspectors (truck and rail). Inspectors are assumed to be either federal or state vehicle 
inspectors . Inspectors are not assumed to be monitored by a dosimetry program. An average 
exposure distance of 3 m and an exposure time of 30 min is assumed. No assumptions are made 
concerning the frequency of inspections. 

3. Resident (truck and rail). A resident is assumed to live 30 m from a site entrance route. 
Shipments are assumed to pass at a velocity of 15 mph and the resident is exposed unshielded. 
Cumulative doses are assessed based on the number of shipments entering or exiting the site and 
assuming the resident is present for 100 percent of the shipments. 

4. Person in Traffic Obstruction (truck and rail). A person is assumed to be stopped next to a 
shipment (due to traffic, etc.). The person is assumed to be exposed unshielded at a distance of 
1 m for a duration of 30 min. 

1. Person at a Truck Service Station (truck only). · A person is assumed to be exposed at an 
average distance of 20 m for a duration of 2 h. This receptor could be a worker at a truck 
stop. 

1. Rail-Yard Crew Member. A rail-yard crew member is not assumed to be monitored by a dosimetry program. An 
average exposure distance of 10 m (32.8 ft) and an exposure duration of2 hours are assumed. 

I . Resident Near a Rail Stop. A resident is assumed to live near a rail classification yard. The resident is assumed to be 
exposed unshielded at a distance of200 m (656 ft) for a duration of20 hours. 

The largest uncertainty in predicting the dose to maximally exposed individuals during 
transportation involves determining the frequency of exposure occurrences when multiple 
shipments take place over the course of the year. This difficulty results from the uncertainties in 
future shipment schedules, route selection, and the inherent uncertainty in predicting the frequency 
of random or chance events. For instance, it is conceivable that an individual may be stopped in 
traffic next to a shipment; however, it is difficult to predict how often the same individual would 
experience this event. Therefore, for the majority of receptors considered, doses are assessed on a 
per event basis. To account for possible multiple exposures, ranges of realistic total doses are 
discussed qualitatively. One exception is the calculation of the dose to a hypothetical resident living 
near a site entrance route. For these residents, total doses are calculated based on the number of 
shipments entering or exiting each site. 

General RADTRAN Input Parameters. In addition to the specific parameters discussed above, 
values for a number of general parameters must be specified within the RADTRAN code. These 
general parameters define basic shipment and traffic characteristics and are specific to the mode of 
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transportation. The RADTRAN code user's manual (Neuhauser and Kanipe 1992) contains 
derivations and descriptions of these parameters. The general RAD TRAN input parameters used in 
the transportation risk assessment are summarized in Table 6. 

Health Risk Conversion Factors. Health risk conversion factors are used to predict the expected 
number of human health effects following radiation exposure. The health risk conversion factors 
used to estimate expected cancer fatalities were derived from ICRP Publication 60 (ICRP 1991): 
5.0 x 10-4 and 4.0 x 10-4 fatal cancer cases per person-rem for merribers of the public and workers, 
respectively. Cancer fatalities occur over the lifetimes of the exposed populations. 

ASSESSMENT RESULTS 

Transportation risks were calculated for the transportation of irradiated tritium targets from 
the Hanford Site to SRS using the methodology and assumptions presented above. Risks were 
evaluated for the following areas: (1) collective risks to workers and members of the public 
(RADTRAN), (2) risks to maximally exposed individuals during routine conditions (RISKIND), 
and (3) risks to populations and maximally exposed individuals if the maximum severity accident 
occurred (RISKIND). The assessment results are summarized for both shipment scenario 1 and 
scenario 2 in the following sections. 

Shipment Summary. The annual number of shipments and one-way shipment mileage for truck 
and rail modes for both shipment scenarios are summarized in Table 7. Scenario 1 would require 4 
cask shipments annually, covering approximately 10,900 one-way highway miles or 11,800 rail 
miles. Scenario 2 would require 18 cask shipments annually, covering approximately 49,100 one
way highway miles or 53,200 rail miles. 

Collective Population Risk Results. The results of the collective population risk assessment are . 
summarized in Table 6. The collective risk results are presented on an annual basis. The total 
impacts over the duration of the program can be found by multiplying the annual impacts by the 
anticipated program duration. 

The total estimated number of fatalities from cargo-related (radiological) causes are much 
less than 1 latent cancer fatality from routine and accident conditions combined for both truck and 
rail shipment modes. For truck shipments, the total number of latent-cancer fatalities among the 
crew and public was estimated to be 0.001 per year for scenario 1, and 0.005 per year for scenario 
2. Radiological impacts are slightly lower for rail shipments. The difference in impacts between the 
two scenarios results directly from the assumption that the external dose rate is equal to the 
regulatory limit of 10 rnrem/hr for all shipments. Table 7 also includes estimates of the impacts 
from vehicle-related (nonradiological) causes. The vehicle-related risks are generally similar to the 
cargo-related risks. 
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Maximally Exposed Individual Assessment (Routine Conditions). The estimated doses during 
routine transportation conditions for each of the individual receptors considered are presented in 
Table 8 on a per-event basis. The total dose for repeated exposures can ,be estimated by multiplying 
the per-event dose by the number of exposure-causing events anticipated. All doses were estimated 
to be much less than levels that would be expected to result in doses to members of the public 
approaching the regulatory limit of 100 rnrem/yr. 

The potential exists for significant individual exposures if multiple exposure-causing events 
occur. For instance, the dose to a person stuck in traffic next to a shipment for 30 minutes is 
estimated to be about .11 mrem. If the duration of exposure is · longer, the dose would rise 
proportionally. Therefore, a person could conceivably receive a dose on the order of 10 to 20 rnrem 
while stopped in traffic next to a shipment. The potential for the same individual to be stopped in 
close proximity to more than one shipment is considered to be extremely low. The dose to a 
resident living 30 m from a route and witnesses every shipment pass would be much less than 1 
mrem. For comparison, the average individual dose from background radiation in the United States 
is approximately 360 rnrem/yr. 

Accident Consequence Assessment (Population and Maximally Exposed Individual). The 
consequences of the maximum severity accidents were estimated for rural, suburban, and urban 
populations under neutral and stable weather conditions. It was assumed that following the worst 
credible transportation accident, 0.8% of the tritium inventory would be released, corresponding to 
80,000 Ci of tritium for scenario 1, and 16,000 Ci of tritium for scenario 2 for both truck and rail 
shipments. Population doses were estimated for a uniform population density within an 80-km (50-
mi) radius of the accident site. Doses to a maximally exposed individual located 100 m from the 
accident site were also estimated. The probability of such on accident was conservatively estimated 
to be approximately 2 x 10·5 per year for scenario 1, and 9 x 10·5 per year for scenario 2 (the 
probability estimates are based on the total one-way distances traveled, the accident rates given in 
Table 2, and a conditional probability of the maximum release should an accident occur of 0.006). 

The collective population consequences are summarized in Table 9 for scenarios 1 and 2. 
For all accident locations and weather conditions, less than one latent cancer fatalities would be 
expected among the exposed populations following the maximum credible accident. Radiation 
doses would be greatest for urban accidents, and least for rural accidents. In addition, radiation 
doses would be greater under stable weather conditions than under more prevalent neutral 
conditions. For scenario 1, the radiation dose to an individual 100 m from the accident site, 
assumed to be present for 2 hours as the plume passed, was estimated to be approximately 2 rem 
during neutral weather conditions, and approximately 40 rem during stable conditions. For scenario 
2, the maximum doses would be approximately 0.4 rem and 8 rem for neutral and stable conditions, 
respectively. Such dose levels would not be expected to cause acute fatalities in the exposed 
individuals, but would result in an increased chance of a latent fatal cancer of between 0.0002 and 
0.02 over the lifetimes of the individuals. 
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Figure 1. General Transportation Risk Assessment Approach 
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HNF-1840, Rev. 0 

Table 1. Hanford to SRS highway route data. (source: HIGHWAY routing model 
[Johnson et al. 1993a]) 

From: HANFORD 
to SRL 

WA 
SC 

Leaving : 3/24/93 at 15 : 32 PST 
Arriving : 3/27 / 93 at 2:29 EST 

R0u Lc type: Q 1-ic.h 2 c.iriver(s) 
Time bias: 1.00 Mile bias : 0 . 00 Toll bias: 

The following constraints are in effect : 
l - Links prohibiting truck use 
6 - HM-164/State preferred routes 
7 - Avoid ferry crossings 

11 - Nonintersecting Interstate Access 
State mileage: 

,:otc1l roac.i time: 55:58 
1 . 15 Total miles : 2728.0 

SC 25.0 GA 259 . 0 TN 182 . 0 KY 96.0 IL 
CO 260.0 WY 367 . 0 UT 148.0 ID 275 . 0 OR 

175 . 0 MO 254 . 0 KS 433 . 0 
208.0 WA 46 . 0 

Mileage by highway sign type : 
Interstate: 2693.0 U.S. : 

County: a.a Local: 
Mileage by highway lane type: 

5 . 0 State: 
7 . 0 Other: 

23.0 Turnpike: 
0.0 

0.0 

Limited Access Multilane: 2693 . 0 Limited Access Single Lane : 0.0 
a.a 
4 . 0 

Multilane Divided: 21.0 Multilane Undivided : 
Principal Highway : 7.0 

From: HANFORD 
to SRL 

Routing through : 
0.0 HANFORD 

RICHLAND 
RICHLAND 

4.0 LR4S 
7.0 S240 
S. 0 !182 

41. 0 182 
512.0 184 
39.0 IlS 
39.0 184 

389 . . 0 IBO 
91. 0 125 
1.0 !76 
5 . 0 1270 

525.0 170 
7 . 0 !470 
5 . 0 1470$ 

47 . 0 !70 $ 
33.0 1435 

227.0 170 
22.0 1270 
11. 0 1255 
64.0 164 

5 . 0 157 
48 . 0 157 

180.0 124 
5 .0 124 
2.0 124 

134.0 124 
93 . 0 !75 
25.0 1285 

138.0 120 
3.0 S230 
2.0 Sl25 
5 . 0 U278 

11.0 Sl25 
3.0 LSRP 

184 

WEST RICHLAND 
HERMISTON 
TREMONTON 
OGDEN 
ECHO 
CHEYENNE 
COMMERCE CITY 
COMMERCE CITY 
DENVER 
TOPEKA 
TOPEKA 

TKST$ TOPEKA 
TKST$ KANSAS CITY 

164 

165 
140 

KANSAS CITY 
ST LOUIS 
EDWARDSVILLE 
WASHINGTON PK 
MT VERNON 
MT VERNON 
PULLEYS MILL 
INGLEWOOD 
NASHVILLE 
NASHVILLE 
EAST RIDGE 
ATLANTA 
ATLANTA 
NORTH AUGUSTA 
NORTH AOGUSTA 
CLEARWATER 
BEECH ISLAND 
JACKSON 
SRL 

Through Highway : 3 . 0 Other: 

WA 
SC 

Leaving 
Arriving: 

WA 
N S240 LR4S WA 
SE !182 S240 WA 
S !182 182 WA 
SW 182 184 OR 
W IlS 
S IlS 

IBO 

184 UT 
184 UT 

184 UT 

SW 125 IBO WY 
W 125 176 co 
NW 1270 !76 CO 
NE 1270 !70 CO 
W 1470 170 KS 
S !335 1470 KS 
E !470 !70 KS 
W 1435 170 KS 
SE 1435 !70 MO 
NW 1270 !70 MO 
SW 1255 1270 IL 
SE 1255 164 IL 
NW 157 
SW 157 
W 124 
W 124 
SE 124 

164 IL 
164 IL 
157 IL 
165 TN 
!40 TN 

E 124 !40 TN 
NE 124 175 TN 
NW 1285 !75 GA 
E 120 1285 GA 
NW 120 S230 SC 

SC 
W Ul U278 SC 

U278 Sl25 SC 
SE Sl25 LSRP SC 

SC 

3/24/93 at 15:32 PST 
3/27/93 at 2:29 EST 

0.0 
4.0 

11. 0 
16.0 
57 . 0 

569.0 
608 . 0 
647 . 0 

1036 . 0 
1127 . 0 
1128.0 
1133 . 0 
1658.0 
1665.0 
1670 . 0 
1717.0 
1750 . 0 
1977 . 0 
1999 . 0 
2010.0 
2074.0 
2079.0 
2127.0 
2307.0 
2312 . 0 
2314.0 
2448.0 
2541.0 
2566.0 
2704.0 
2707 . 0 
2709.0 
2714 . 0 

2725 . 0 
2728. 0 

0:00 
0:09 
0:24 
0:29 
1 : 14 

11:32 
12:15 
12:57 
21:02 
23:11 
23:12 
23:18 
33 : 50 
33:58 
34:03 
34:55 
35: 31 
40 : 38 
41:02 
41:14 
42:24 
42:30 
43 : 22 
47:08 
47:14 
47:17 
so :13 

51 : 55 
52:23 
55:23 
55:29 
55:33 
55:39 
55:52 
55:58 

3/24@ 15:32 
3/24@ 15:41 
3/24@ 15:56 
3/24@ 16 : 01 
3/24@ 16:46 
3/25@ 4:04 
3/25@ 4:47 
3/25@ 5:29 
3/25@ 13:34 
3/25@ 15:43 
3/25@ 15:44 
3/25@ 15:49 
3/26 @ 3:22 
3/26 @ 3:29 
3/26@ 3:35 
3/26 @ 4:26 
3/26@ 5:02 
3/26@ 10:10 
3/26@ 10 : 33 
3/26@ 10:45 
3/26@ 11:55 
3/26@ 12:01 
3/26@ 12:53 
3/26@ 16:39 
3/26@ 16:45 
3/26@ 16:48 
3/26 @ 20 : 44 
3/26@ 22:26 
3/26@ 22:53 
3/27@ 1:54 
3/27@ 1:59 
3/27@ 2 : 04 
3/27@ 2:09 
3/27@ 2 : 22 
3/27@ 2 : 29 

Page 15 



HNF-1840, Rev. 0 

Table 1, cont. 

Population Density from: HANFORD WA 
to : SRL SC 

--- -- ------------- Mileage within Density Levels ----- -- ----- ------ -
<0.0 5.0 22 . 7 59.7 139 326 821 1861 3326 5815 

St Miles 0 -5.0 -22.7 -59.7 -139 -326 -821 -1861 -3326 -5815 -9996 >9996 

--------------------------------------- ---- ------------ -- ·---------------------
SC 25.0 4.9 0.0 0 . 9 1 . 2 8.2 3 . 3 2.6 2.l l. 8 0 . 0 0.0 0 . 0 
GA 259.0 14 . 5 22.0 39.6 41.4 34 : 2 28.4 35 . 2 24.0 10 . 7 5 . 7 3 . 1 0 . 2 
TN 182 . 0 14 .1 - 16.2 30.0 36.5 37 . 4 16.2 13 . 5 8.6 6.7 2 . 5 0 . 1 0.0 
KY 96 . 0 4.0 4 . 9 32 . 2 26.9 10 . 7 7.6 6 . 1 l. 9 l.5 0.1 0.0 0 . 0 
IL 175 . 0 28.4 41. 8 35.4 31. 0 12 . 0 10.7 5 . 9 6 . 0 2 . 7 0 . 7 0 . 4 0.0 
MO 254 . 0 21.4 42 . 5 77.3 21. 9 16 . 5 10 . 8 18.7 20 . 5 12 . 7 7.3 3 . 3 l. l 
KS 433 . 0 28 . 8 204 . 8 95.1 45 . l 19 . 5 13.7 7.9 8 . 1 4 . 3 3 . 6 l.8 0 .2 
co 260 . 0 32 . 9 134.8 34.0 17 . 7 14 . 3 12 . 3 5 . 0 4 . 3 2 . 3 2.0 0 . 4 0 . 0 
WY 367 . 0 69 . 2 239 . 2 22 . 7 12.0 3.5 5 . 4 6.4 4 . 9 3.5 0.2 0.0 0 . 0 
UT 148.0 31. 5 72 . 5 ll.l 9.0 7 . 8 6 . l 4.2 2 . 1 2.l 0.7 0 . 7 0.0 
ID 275.0 45 . 6 96 . 7 52 . 5 46 . 8 9 . 8 8 . 6 4 . 1 4 . 1 3 . 0 2.8 0 . 6 0.2 
OR 20B . O 12 . 1 131.5 30 . 8 12 . 0 10.1 3 . 8 2.1 2.9 1.3 1. 2 0.2 0.0 
WA 46.0 4.2 22 . 8 6 . 5 2 . 6 2.5 1. 3 2 . 8 l.. 3 0.6 1.2 0 . 3 0.0 
Totals 

2727.2311.61029.8 468.0 304.2 186.5 128 . 1 114 . 5 90 . 7 53 . 1 28 .1 10.8 l. 7 
Percentages 

11.4 37 . 8 17.2 11.2 6 . 8 4.7 4.2 3.3 l. 9 l.O 0.4 0 . 1 
Basis: 1990 Census 
Fractions of travel (total distance = 2727 mi [ 4398 km] 

Rural ( 0 . 0 -13 9 . 0) Suburban (>139.0-3326.0) Urban (>3326.0) 
0.843 0 . 142 0.015 

End of route . 
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Table 2. Hanford to SRS rail route data. (source: INTERLINE routing model [Johnson et al. 1993b]) 

ROUTE FROM, USG 15359-SRP SC LENGTH , 2953 . 7 MILES 
TO, USG 16212 - HANFORD S 3 0 0 WA 

MILEAGE SUMMARY BY RAILROAD A- M B-M 
POTENTIAL , 4 03 0 . 1 

A-BR B-BR OTHER 
CSXT 8 68.1 511 . 2 347. 9 9 . 0 

lR 0 
0 .0 
0 . 0 

UP ?Ol=;J ~ 

USG 15 .7 
<TR> 6 . 0 

TOTAL 295 3. 7 
MILEAGE SUMMARY BY STATE 

18S 2 3 lq l _O 

0 . 0 0.0 
6 . 0 0 . 0 

2369 . 5 538.9 27 . 0 

24.0-AL 
62 . 5-IN 

255 . 6-0R 

10 . o-co 
1 7 2 . 8-KS 

46 . 0-SC 

.298 . 3-GA 
114 .1 - KY 
188 . 3-TN 

432 . 0 - ID 
3 0 3 . 9 - MO 

37 . 3 - WA 
RR NODE STATE DIST 

USG 15359 - SRP SC O . 
USG 7717 - DUNBARTON / WELLSC 8 . 

CSXT 7717 - DUNBARTON / WELLSC 8 . 
CSXT 7732-ROBBINS SC 17 . 
CSXT 7 961-AUGUSTA 
CSXT 7914 -ATLANTA 
CSXT 790 7 -MARIETTA 
CSXT 7889-CARTERSVILLE 
CSXT 7 8 88- DALTON 
CSXT 7235-CHATTANOOGA 
CSXT -7187-TULLAHOMA 
CSXT 7202-NASHVILLE 
CSXT 7201-MADISON 
CSXT 7061-HOPKINSVILLE 
CSXT 3839-HENDERSON 
CSXT 3838-EVANSVILLE 
CSXT 3812-VINCENNES 
CSXT 4952-SALEM 
CSXT 10859-EAST ST LOUIS 

GA 46 . 
GA 221. 
GA 231. 
GA 263 . 
GA 3 14. 

TN 352 . 
TN 433. 
TN 512 . 
TN 522. 
KY 582 . 
KY 669 . 
IN 682 . 
IN 732 . 
IL 811 . 
IL 876 . 

<TR> 10859-EAST ST LOUIS IL 876 . 
<TR> 10858-ST LOUI S MO 882 . 

UP 10858-ST LOUIS MO 882. 
UP 10656-JEFFERSON CITY MO 1004 . 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 
UP 

10616-KANSAS CITY 
10617-KANSAS CITY 
11823-LAWRENCE 
11697-TOPEKA 
11696-MENOKEN 
11681-MARYSVILLE 
11405 - HASTINGS 
11410-GIBBON 
11352-NORTH PLATTE 
11358 - 0 FALLONS 
13 703-JULESBURG 
13465-CHEYENNE 
1 3462 - LARAMI E 
13494-GRANGER 
13369-MC CAMMON 
13370-POCATELLO 
13412 - NAMPA 
14220- PENDLBTON 
14223-HINKLE 
13894-WALLULA 
13964 - KENNEWICK 
13 941-RICHLAND 

MO 1180 . 
KS 1183 . 
KS 1222 . 
KS 1252 . 
KS 1 257 . 
KS 133 2. 
NE 1442 . 
NE 1468 . 
NE 1546 . 
NE 1595 . 
co 1663 . 
WY 1809 . 
WY 1861 . 
WY 2137 . 
ID 2329 . 
ID 2352 . 
ID 2594 . 
OR 2862 . 
OR 2893 . 
WA 2922 . 
WA 2937 . 
WA 2946 . 

USG 13941-RICHLAND WA 2946 . 
USG 16212-HANFORD S 3 0 0 WA 2954. 

- - - TRANSFER 

- - - - TRANSFER 

- - - - TRANSFER 

- - - - TRANSFER 

0 . 0 

;, ' 
15 . 7 

0 . 0 

18 . 3 

0 . 0 
0. 0 
0. 0 
0. 0 

0 . 

145.9 - IL 
402 . 0-NE 
461.0-WY 
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Table 2, cont. 

POPULAT.ION DENSITY FROM : USG 15359-SRP SC 
TO: USG 16212-HANFORD s 300 WA 

------------------ MILEAGE WITHIN DENSITY LEVELS -------------------
<0.0 5.0 22.7 59.7 139 326 821 · 1861 3326 5815 

St Miles 0 -5 . 0 -22.7 -59 . 7 -139 -326 -821 -1861 -3326 -5815 -9996 >9996 

----------------- ------------------------------------ ----- ---------------------
AL 24.0 0.0 2 . 3 6.8 3.1 6.1 3 . 4 2 . 1 0 . 1 0.0 0.0 0.0 0.0 
co 10 . 0 0 . 4 6 . 6 0 . 3 0 . 4 0 . 5 0 . 6 1.2 0.0 0.0 0.0 0.0 0.0 
GA 298 . 3 16.6 14.5 50.0 36 . 1 37.4 38.9 40 . 8 33 . 5 14.3 11.1 3 . 0 1. 8 
ID 432 . 0 51. 8 201. 3 115 .2 34.7 7 . 6 7 . 0 5.6 4.3 1. 9 1. 7 0.7 0.1 
IL 145.9 7 . 0 25.4 29.3 34.9 15 . 6 8 . 9 8.1 6.0 6.4 3.5 0 . 8 0.0 
IN 62.5 1. 8 5 . 7 6.3 16.8 8.0 5.7 7.0 7.8 1.4 1. 0 0.7 0.1 
KS 172 . 8 9.7 54 . 2 52.7 30.8 11. 3 3.1 5.1 3.4 1.4 1.1 0 . 1 0.0 
KY 114 . 1 0.3 4.7 33.9 45.1 14.1 6.9 2.2 3 . 7 3.2 0 . 1 0.0 0.0 
MO 303 . 9 25.1 44 . 8 99.2 53 . 4 26.2 16.0 11.2 9.9 6.3 4 . 5 4.9 2.4 
NE 402 . 0 39.1 205 . 1 98 . 1 31.1 11.3 4.9 4.9 4.9 1.3 0 . 8 0 . 3 0.0 
OR 255 . 6 8.4 153 . 6 50 . 5 25.8 3.9 6.0 1.4 2.2 3 . 1 0.9 0.0 0 . 0 
SC 46 . 0 19.5 13 . 8 6.5 0 . 7 3.5 0.6 0.5 0.5 0.5 0.0 0.0 0 . 0 
TN 188.3 5.1 10.9 31.4 42 . 3 21 . 4 24 . 0 18.3 17.6 9.3 5.7 2.0 0 . 2 
WA 37.3 2.8 9.6 4.7 2.7 2 . 0 2 . 3 3 . 9 2 . 9 2.8 3.6 0.0 0 . 0 

WY 461. 0 93 .1 309.8 22 . 1 18.7 6.0 3 . 9 2.2 1. 8 1. 7 1.0 0.6 0.0 

Totals 
2953.7280.61062.4 606 . 8 376 . 6 174.9 132.2 114 .6 98.5 53.6 35 . 0 13.2 4.7 

Percentages 
9.5 36.0 20.5 12. 7. 5 . 9 4 . 5 3 . 9 3.3 1.8 1.2 0 . 4 0.2 

RADTRAN Input Data Rural Suburban Urban 

Weighted Population 
People/sq. mi. 17.6 921. 5 5884 . 3 
People/sq. km. 6.8 355.8 2271 . 9 

Distance Total 
Miles 2501. 3 398.9 52.9 2953.7 
Kilometers 4025.4 641. 9 85.1 4753.4 
Percentage 84.7 13.5 1. 8 

Basis (people/sq . mi.) <139 139-3326 >3326 

Note: Due to rounding, the sum of the mileages in the individual 

population categories may not equal the total mileage shown 

. on this report . 
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Table 3. Accident occurrence and fatality rates for the states traversed by the Hanford to 
SRS highway and rail routes (source: Saricks and Kvitek 1994). 

Truc k Accide nt Ra te Truc k Fa t nlity Rat e Ra il Acc ident 

accidents/km fatalities / km Rate 

rural suburb urban rural suburb urban accidents/km 

AL NA' NA NA NA · NA NA 4 . BOE-08 
co 2.76E - 07 4.52E-07 6 . 28E-07 2 . 45E-08 2. 92E-08 3.38E-08 l.73E - 08 
GA l . 65E-07 3.26E-07 4.87E-07 l.86E-08 2.12E-08 2.37E-08 6.44E-08 
ID 2.30E-07 2.02E-07 l.73E - 07 2.06E- 08 l.03E-08 O.OOE+OO 7.0lE- 08 
IL 1. 7 6E - 07 5 . 26E - 07 8.75E-07 l.39E-08 3.36E- 08 5.33E-08 l.07E- 07 
IN NA NA NA NA NA NA 4.64E - 08 
KS 2.04E-07 3.26E-07 4 . 48E-07 l.88E- 08 3 . 70E- 08 5.52E-08 3.61E-08 
KY l . 46E - 07 3.30E-07 5.13E-07 l . 50E-08 2.36E-08 3.22E-08 4.48E-08 
MO l.78E-07 3 . 48E - 07 5.lBE-07 1. 23E-08 2 . 77E-08 4.30E-08 5.28E-08 

NE NA NA NA NA NA NA 4.63E-08 
OR 2 . 20E-0 7 3.lOE-07 3.99E-07 l.12E - 08 l . BOE-0 8 2 . 47E-08 l.25E-0 7 

SC l.83E-07 2 . 48E-07 3.13E-07 2.57E - 08 2.73E- 08 2 . 88E - 08 5. llE- 08 
TN l . 48E-07 4.73E-07 7.97E- 07 l . 63E-08 3 . 61E-08 5 . 59E-08 5 . 59E-08 
UT 2 . 41E-07 2 . 47E-07 2.52E- 07 2.21E-08 1. 4 OE- 08 5.90E-09 NA 
WA 2.50E-07 2.06E- 07 l . 61E-07 1. 47E-08 l.14E-08 8.00E-09 3.49E-08 
WY 3 . 42E-07 3.20E-07 2.98E-07 2 . 08E-08 l . 04E-08 O.OOE+OO 3.lOE- 08 

us 2.03E-07 2 . BlE-07 3.5 8E-07 l.91E-08 2.14E-08 2.37E- 08 5.57E-08 

aNA = route does not traverse that particular state. 

Table 4. Accident Severity Category Conditional Probabilities (source: Adapted from 
Fischer et al. 1987) 

Zone 

Rural 

Suburban 

Urban 

Conditional Probability by Severity Category 

1 2 

0.994 

0.994 

0.994 

0.006 

0.006 

0.006 

Table 5. Accident Release Fractions by Severity Category 

Nuclide 

H-3 -

Activated Metals 

Release Fraction by Severity Category 

1 2 

0 

0 

0.008 

5.0E-08 
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Table 6 . Summary of General RADTRAN Input Parameters 

Parameter 

Package type 

No. of crewmen 

External dose rate (rnrem/hr@2 m) 

Distance from source to crew (m) 

Average vehicular speed (km/h) 
Rural 
Suburban 
Urban 

Stop time (h/km) 

No. of people exposed while stopped 

No. of people per vehicle sharing 
route 

Population densities (persons/km2) 

One-way traffic count (vehicles/h) 
Rural 
Suburban 
Urban 

Truck 

Type B cask 

2 

10 

3 

88 
40 
24 

0.01 1 

25 

2 

route-specifica 

470 
780 

2,800 

Rail 

Type B Cask 

5 

10 

152 

64 
40 
24 

0.033 

100 

3 

route-specifica 

1 
5 
5 

a Route-specific population densities were used for the RADTRAN accident risk 
assessment. For the maximum accident consequence assessment, densities of 7; 
800; and 1,900 persons/km2were used for rural, suburban, and urban areas, 
respectively. 

Source: Neuhauser and Kanipe 1993 . 
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Table 7. Summary of Annual Shipment Information and Collective Population Impacts 

. Truck Shipments Rail Shipments 

Parameter Scenario l Scenario 2 · Scenario l Scenario 2 

Shipment summary 

Annual Number of Cask Shipments 4 18 4 18 

H-3 Inventory (Ci/shipment) l0MCi 2MCi l0MCi 2 MCi 

Route distance (one-way m i) 2,728 2,728 2,954 2,954 

Total Mileage (one-way mi/yr) 10,900 49,100 11 ,800 53 ,200 

Population impacts 

Cargo-related impactsa 

Annual Dose Risk (person-rem) 

Routine crew 0.97 4.35 0.85 3.8 

Routine public 1.24 5.6 0.17 0.76 

Accident 0.002 0.002 0.0002 0.0002 

Latent cancer fatalitiesb 

Crew fatalities 4 x 10-4 2 X 10·3 3 x 10-4 2 X 10·3 

Public fatalities 6 x 10-4 3 X 10·3 8 X lQ·S 4 x 10-4 

Vehicle-related impactsc 

Emission fatalities 5 X lQ·S 2 x 10-4 9 X 10-S 4 X 10-4 

Traffic accident fatalities 
7 X lQ-4 3 X 10·) 3 X 10-S 1 X 10-4 

a Cargo-related impact~ are those impacts attributable to the radioactive nature of the material. 

b Latent cancer fatalities are calculated by multiplying dose by the ICRP publ ication 60 . 
(ICRP 1991) health risk conversion factors of 4x 10-4 and Sx 10-4 fatal cancers per person-rem for 
workers and for the public, respectively. 

c Vehicle-related impacts are those impacts that are independent of the c·argo in the shipment. 
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Table 8. Impacts to Maximally Exposed Individuals During Routine Transportation 
Conditions3 

Dose (rem/event) Lifetime Riske 

Receptorb Truck Rail Truck Rail 

Workers 

Crew member d d d d 

Inspector 0.0029 0.0029 1 x 10-6 1 x10-6 

Rail inspector NA 0.0013 NA 5x10-7 

Public 

Resident 4.0 x 10-7 4.0x 10-7 2x10-10 2 x10-l0 

Person in traffic jam 0.011 0.011 6x10-6 6x 10-6 

Person at service station 3. I x 10-4 NA 2x l0-7 NA 

Resident near rail stop 
NA l.3 x 10-s NA 7x10-9 

aThe external dose rate is assumed to be 10 mrem/h at 2 m (6.6 ft) for all shipments. 

b Receptor assumptions are described in the text. 

c Lifetime risk of fatal cancer based on ICRP publication 60 (ICRP 1991) health risk conversion 
factors of 4 x 1 o-4 and 5 x 1 o-4 fatal cancers per person-rem for workers and members of the public, 
respectively. 

d The DOE administrative control level limits doses to DOE workers to 2 rem/yr. 
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Table 9. Summary of the Maximum Accident Consequence Assessment - Population 
Impacts for Rural, Suburban, and Urban Areas Under Neutral and Stable Weather 
Conditionsa 

Scenario 1 Scenario 2 

Population Dose Health Effects Population Dose Health Effects 
Accident (person-rem) (cancer fatalities) (person-rem) ( cancer fatalities) 
Location 

Neutral Weather Conditionsh 

Urban 148 7 X 10-2 30 1 X 10-2 

Suburban 62 3 X 10-2 12 6 X 10-3 

Rural 0.55 3 X 10-4 0.11 6 X 1 o-5 

Stable Weather Conditions< 

Urban 217 I x 10-l 43 2 X 10-2 

Suburban 92 5 X 10-2 18 1 x 10-2 

Rural 0.80 4 X 10-4 0.16 8 X 10-5 

• The consequences presented are for the most severe credible truck accidents, corresponding to a release of0.8% of 
the total tritium inventory. Populations extend at a uniform population density to a radius of 80 km (50 mi) from the 
accident site. Population exposure pathways include acute inhalation; acute cloudshine; groundshine; resuspended 
inhalation; resuspended cloudshine; and ingestion of food, including initially contaminated food (rural only). No 
decontamination or mitigative actions are taken. 

b Neutral weather conditions result in moderate dispersion and dilution of the released plume. Neutral conditions were 
taken to be Pasquill stability Class D with a wind speed of 4 mis (9 mi/h). Neutral conditions occur approximately 50 
percent of the time in the United States. 

c Stable weather conditions result in minimal dispersion and dilution of the released plume and are thus unfavorable. 
Stable conditions were taken to be Pasquill stability Class F with a wind speed of 1 m/s (2.2 mi/h). Stable conditions 
occur approximately one-third of the time in the United States. 
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TRANSPORTATION OF MEDICAL ISOTOPES 

This document provides the basic information required to evaluate transportation impacts 
associated with the production of medical isotopes. The transportation impacts addressed 
here include external radiation exposures during routine transport and internal and external 
exposures due to vehicular accidents that result in a release of radioactive materials . Also 
addressed are the nonradiological impacts from routine emissions and vehicular accidents. 
The nonradiological routine impacts are due to pollutants emitted from the engine exhaust of 
the transport vehicles and the vehicular accident impacts are due to traumatic fatalities. 

This evaluation addresses the shipment of enriched target materials from Oak Ridge 
National Laboratory (ORNL) to the Pacific Northwest National Laboratory (PNNL) for 
target fabrication, shipping the fabricated targets to the Fast Flux Test Facility (FFTF), 
shipping the irradiated targets from the FFTF to the 325 Building for target processing, and 
shipping isotope products to three representative pharmaceutical distributors, i.e., Dupont
Merck (Boston, Massachusetts), Amersham Mediphysics (Chicago, Illinois) and Mallinckrodt 
(St. Louis, Missouri). The shipment of isotope products would involve a combination of 
truck arid air transportation. The isotopes would be transported from the separations facility 
to the Tri-Cities Airport by truck, transported by air to Salt Lake City, transferred at Salt 
Lake City to a non-stop connecting flight, transported by air (using direct flights) to the 
airport nearest the pharmaceutical distributor, and transported from the airport to the 
pharmaceutical distributor by truck. Passenger air service was assumed in the transportation 
impact analysis as a bounding assumption, as cargo air service would result in smaller 
impacts. During routine operations, air cargo service would be the primary air carrier for 
isotope products. Passenger air service would only be used to expedite urgent shipments of 
medical isotopes for critical research or patient treatment applications. 

The next section discusses the approach used to evaluate the impacts (Section 1). Section 
2 addresses the transportation requirements. The transportation system, including 
descriptions of the shipping casks, transporters, and routes are discussed in Section 3. The 
input parameters used in the transportation impact calculations are provided in Section 4 and 
Section 5 provides the results of the impact analyses. 

1 



HNF-1844, Rev. 0 

1.0 APPROACH 

This section describes the methods used to estimate the impacts of normal and accidental 
exposures of individuals and populations to radioactive materials. The RADTRAN 4 
(Neuhauser and Kanipe 1992) computer code was used to calculate the radiological routine 
and accident transportation impacts to the exposed populations, · and the GENII software 
package (Napier et al. 1988) was used to estimate the consequences to the maximum exposed 
individuals . 

Nonradiological incident-free and accident impacts were also evaluated. Nonradiological 
incident-free impacts are the potential health effects from air pollutants (e.g. NOx, CO) 
emitted from the engine exhaust of transport vehicles. Nonradiological accident impacts are 
the predicted fatalities resulting from vehicular accidents during transport activities. Neither 
of these two categories of impacts are related to the radiological characteristics of the cargo. 
Nonradiological impacts were calculated using unit risk factors (impacts per unit distance 
traveled) taken from Rao et al. (1982) for routine emissions and from Saricks and Kvitek 
(1994) for accidents . 

1.1 RADTRAN 4 Computer Code 

The RADTRAN 4 computer code (Neuhauser and Kanipe 1992) was used to perform the 
analyses of the radiological impacts of routine transport, and the integrated population risks 
of accidents during transport. RADTRAN was developed by Sandia National Laboratories 
(SNL) to calculate the risks associated with the transportation of radioactive materials. The 
original code was written by SNL in 1977 in association with the preparation of 
NUREG-0170, Final Environmental Statement on the Transportation of Radioactive Material 
by Air and Other Modes (NRC 1977) . The code has since been refined and expanded and is 
currently maintained by SNL under contract with DOE. RADTRAN 4 is an update of the 
RADTRAN 3 (Madsen et al. 1986) and RADTRAN 2 (Taylor and Daniel 1982, Madsen 
et al. 1983) computer codes. 

The RADTRAN 4 computer code is organized into the following seven models 
(Neuhauser and Kanipe 1992): 

• material model 
• transportation model 
• population distribution model 
• health effects model 
• accident severity and package release model 
• meteorological dispersion model 
• economic model. 

2 
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The code uses the first three models to calculate the potential population dose from 
normal , incident-free transportation and the first six models are used to calculate the risk to 
the population from user-defined accidcni. scenarios. Tht economic model is not used in th.is 
study. 

1.1.1 Material Model. The material model defines the source as either a point source or as 
a line source . For exposure distances less than twice the package dimension, the source is 
conservatively assumed to be a line source . For all other cases, the source is modeled as a 
point source that emits radiation equally in all directions. 

The material model also contains a library of 59 isotopes, each of which has 11 defining 
parameters that are used in the calculation of dose. The user can add isotopes not in the 
RADTRAN library by creating a data table in the input file consisting of the eleven 
parameters. 

1.1.2 Transportation Model. The transportation model allows the user to input descrip
tions of the transportation route . A transportation route may be divided into links or 
segments of the journey with information for each link on population density, mode of travel 
(e.g. , trailer truck or ship), accident rate, vehicle speed, road type, vehicle density, and link 
length. Alternatively, the transportation route also can be described by aggregate route data 
for rural, urban, and suburban areas. For this analysis, the aggregate route method was used 
for each potential origin-destination combination. 

The HIGHWAY computer code (Johnson et al. 1993) was used to develop the 
transportation routing information. The information developed included aggregate population 
densities along the transport route and the distance traveled in each population density zone 
(i .e. , rural , suburban and urban) for each state traversed. 

1.1.3 Health Effects Model. The health effects model in RADTRAN 4 is not used and is 
replaced by hand calculations . The conversion factors, based on recommendations of the 
International Commission on Radiological Protection (ICRP 1991) for low dose, low dose 
rate radiological exposures were used to convert population dose to latent cancer fatalities 
(LCF). The health effects are determined by multiplying the integrated population dose 
(person-rem) calculated by RADTRAN 4 by a conversion factor to express the consequences 
in terms of potential latent cancer fatalities (LCF). 

1.1.4 Accident Severity and Package Release Model. Accident analysis in RADTRAN 4 
is performed using the accident severity and package release model . The user can define up 
to 20 severity categories for three population densities (urban, suburban, and rural), each 
increasing in magnitude . Eight severity categories for spent nuclear fuel containers that are 
related to fire, puncture, crush, and immersion environments are defined in NUREG-0170 
(NRC 1977 and Fischer et al. 1987 ). Various other studies also have been performed for 

3 



HNF-1844, Rev. 0 

small packages (Clarke et al. 1976) and large packages (Dennis et al. 1978) that also can be 
used to generate severity categories. The accident scenarios are further defined by allowing 
the user to input rclcasl,; fractions and aerosol anJ rcspiral>le frac tions for each severily 
category . These fractions are a function of the physical-chemical properties of the materials 

. being transported and the thermal and structural accident conditions generated within each 
severity category . 

1.1.5 Meteorological Dispersion Model. RADTRAN 4 allows the user to choose two 
different methods for modeling the atmospheric transport of radionuclides after a potential 
accident. The user can either input Pasquin atmospheric-stability category data or averaged 
time-integrated concentrations . In this analysis , the dispersion of radionuclides after a 
potential accident is modeled by the use of time-integrated concentration values in downwind 
areas compiled from national averages by SNL. 

1.1.6 Incident-Free Transport. The models described above are used by RADTRAN 4 to 
determine dose from incident-free transportation or risk (product of the accident frequencies 
and consequences) from potential accidents. The public and worker doses calculated by 
RADTRAN 4 for incident-free transportation are dependent on the type of material being 
transported and the transportation index (Tl) of the package or packages. The TI is defined 
as the highest package dose rate in millirem per hour at a distance of 1 m from the external 
surface of the package. Dose consequences are also dependent on the size of the package, 
which as indicated in the material model description, will determine whether the exposures 
are modeled as a point source or line source. 

1.1.7 Analysis of Potential Accidents . The accident analysis performed in RADTRAN 4 
calculates population doses for each accident severity category using six exposure pathway . 
models. They include inhalation, resuspension, groundshine, cloudshine, ingestion, and 
direct exposure from lost or damaged shielding. This analysis assumes that any contaminated 
area is either mitigated or public access controlled so there is no exposure via the ingestion 
pathway. The consequences calculated for each severity category are multiplied by the 
appropriate frequencies for accidents in each category and summed over all severity 
categories to give a total point estimate of risk for radiological accidents . 

1.2 GENII Description 

GENII (Napier et al. 1988), which is also referred to as the Hanford Environmental 
Dosimetry Software System, was developed and written by the Pacific Northwest Laboratory, 
to analyze radiological releases to the environment. GENII is composed of seven linked 
computer programs and their associated data libraries. This includes user interface 
programs, internal and external dose factor generators , and the environmental dosimetry 
programs . 
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GENII is capable of: 

• Calculating doses resulting from acute or chronic releases, including options for 
annual dose, committed dose, and accumulated dose 

• Calculating doses from -various exposure pathways evaluated including those through 
direct exposure via water, soil, and air as well as inhalation and ingestion pathways 

• Acute and chronic elevated and ground level releases to air 

• Acute and chronic releases to water 

• Initial contamination of soil or surfaces 

• Radionuclide decay. 

The pathways considered in this analysis include inhalation, submersion and external 
exposures due to ground contamination. 

1.3 MICROSHIELD 

Microshield (Grove Engineering 1996) is used to analyze the shielding of and estimate 
exposures from gamma radiation. Microshield analyses are used for shielding design, 
container design, temporary shielding selection, source strength inference from radiation 
measurements, and ALARA planning. This program is a microcomputer adaptation of the 
main frame code ISOSHLD, a public domain "point kernel" code first written in the early 
1960's. · 

Microshield was used in this analysis to calculate the TI or estimated dose rate (mrem/hr) 
at one meter from a shipping cask. This estimated dose rate is required in RADiRAN to 
calculate public and worker exposures resulting from routine transportation. 

s 
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2.0 TRANSPORTATION REQUIREMENTS 

The following sections describe the transportation requirements and assumptions used to 
evaluate the transportation impacts. The analysis focuses on the activities associated with 
transportation of the target fabrication materials, unirradiated and irradiated targets, and 
medical isotopes. Figure 1 provides a one-line diagram summarizing the transportation 
mode, the shipment origin and destination, and type of material shipped in support of the 
medical isotope production mission. 

With the exception of the production of Actinium-227, Thorium228, and Thorium 229, 
this evaluation assumes that the same transportation scenario, from the target material 
supplier to the pharmaceutical distributor, is applicable to each isotope. That is, target 
materials are shipped from ORNL to PNNL, fabricated targets are shipped from PNNL to 
FFTF, irradiated targets are shipped from FFTF to PNNL, and the separated isotopes are 
shipped from PNNL to the three isotope distributors. Actinium-227, Thorium 228, and 
Thorium 229 are produced by irradiating a Radium-226 target. Sufficient quantities of 
Radium-226 would be stored at the target fabrication facility; therefore, Ra-226 target 
material is not shipped from ORNL to PNNL. The rest of the transport scenario from the 
target fabrication facility to the pharmaceutical distributor is the same as for other isotopes. 

The target materials (with the exception of Radium-226) required to produce the medical 
isotopes are assumed to be obtained from ORNL. The target materials would be shipped on 
an as-needed basis from ORNL to PNNL for target fabrication. Target fabrication is 
assumed to occur in the 300 Area of the Hanford Site. For this analysis, it is assumed that 
only one target material would be shipped by truck at a time from ORNL to PNNL. This is 
a bounding assumption that maximizes the number of shipments, because the trucks are 
capable of transporting loads containing multiple types of target materials. All of the target 
materials received from ORNL are nonradioactive. The total shipping distance, using public 
highways, from ORNL to the 300 area is approximately 3,830 km (2,380 miles) . This was 
determined using the HIGHWAY computer code (Johnson, 1993). 
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Figure 1; One-line Diagram of the Transportation Requirements, Showing Material 
Transported, Transportation Mode, the Shipment Origin and Destination 

The target materials would be fabricated into specially- designed targets for irradiation at 
FFTF. The fabricated targets would be shipped by truck from either the 325 Building or 
306-E Building to the FFTF. As with the target materials shipments, it was assumed that 
only one unirradiated target would be shipped at a time to the FFTF. The total shipping 
distance from the 325 Building or 306-E Building to the FFTF is approximately 14 km (8 .7 
miles) and uses both Hanford Site and public roadways. 

Following irradiation in the FFTF, the irradiated targets would be shipped to the 325 
Building for required processing. One irradiated target was assumed to be shipped by truck 
at a time from the FFTF. The total shipping distance, using a combination of Hanford Site 
and public roadways, from the FFTF to the 325 Building is approximately 14 km (8. 7 
miles) . 
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Following required processing and packaging, an isotope product would be shipped by 
truck approximately 32 km (22 miles) from the 325 Building to the Tri-Cities Airport located 
in Pasco , \Vashington. From the Tri-Cities Airport , the isotopes transported by air, using 
commercial passenger flights , to an intermediate airport or hub , i.e. , Salt Lake City , Utah . 
. This is a direct flight from Pasco of approximately 520 km (324 miles). At Salt Lake City, 
the isotopes· are transferred to another airplane for transport to · the airport nearest the 
pharmaceutical distributor. Using direct flights , the distance from Salt Lake City to Chicago, 
Illinois (Amersham Mediphysics) is 1,257 km (780 miles), to Boston, Massachusetts 
(Dupont-Merck) is 2,105 km (1310 miles) and to St. Louis, Missouri (Mallinckrodt) is 1,156 
km (720 miles) . · 

The isotope product is transported from the destination airport (e.g . , St. Louis, Missouri) 
to the pharmaceutical distributor by truck, using public roadways . For shipments to Dupont
Merck facility located in Billerica, Massachusetts , the package containing an isotope product . 
would be transported 35 km (22 miles) . For shipments to Amersham Mediphysics facility 
located in Arlington Heights, Illinois, the package containing the isotope product would be 
transported 32 km (20 miles) . For shipments to the Mallinckrodt facility located in 
Hazelwood, Missouri, the package containing the separated medical isotopes is transported 
13 km (8 miles) . 

The radiological inventories for each irradiated target and isotope product are shown in 
Table 1. This analysis includes the shipment of each isotope target from the 300 area to 
FFTF, irradiated targets from FFTF to the 325 Building, and separated isotope shipments 
from the 325 Building to the Tri-Cities Airport, from the Tri-Cities Airport to the destination 
airport (e.g., Chicago Airport) , and from the destination airport to the pharmaceutical 
distributor (e.g ., Chicago Airport to Amersham Mediphysics). Table 2 provides the source 
term for the activated target cladding or retrieval hardware associated with the irradiated 
target shipments from FFTF to the 325 Building. Table 3 provides the source term for 
shipments of waste (i.e., liquid processing waste and solid waste, including spent target hulls 
and miscellaneous wastes), to the 200 East and West Areas for subsequent storage and/or 
disposal. 

8 
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Table 1. Radiological Source Terms Used in this Analysis for the Irradiated Targets 
and Separated Medical Isotopes 

Product Isotope Estimated Annual Radionuclide Quantity Shipped (Ci/Shipment) 
Number of Shipped 

Shipments of 
Irradiated Targets Irradiated Targets Isotope <•J 

and Separated to 325 Building 
Isotopes 

Ac227 1 Ac227 2.0E+02 2.0E+02 

Th227<bl l.9E+02 l .0E+02 

Th228(bl 2.1E+03 l .0E+03 

Th229<bl 1.6E-0l 4.0E-02 

Ra226 2.6E+0l Recycled 

Ra227 l. lE-06 Recycled 

Ra228 1.5E-02 Recycled 

Ra229 3.8E-13 Recycled 

Ac228 4.5E-02 Waste 

Ac229 3.8E-13 Waste 

Aul98 25 Au198 1.8E+02 1.8E+02 

Aul96 2.lE-02 2. lE-02 

Aul98m 1.3E+02 1.3E+02 

Au199 3.4E+02 3.4E+02 

Au200m l .2E-0l 1.2E-01 

Au200 4.lE-02 4.lE-02 

Pt197 1.2E-05 1.2E-05 

Cdl09 1 Cdl09 7.9E+03 7.9E+03 

Cdl07 1.lE-01 Waste 

Agl05 8.8E-01 Waste 

Agl06m 3.9E-03 Waste 

Agl07m 1. lE-01 Waste 

Ag108m 4.3E-02 Waste 
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Table 1. Radiological Source Terms Used in this Analysis for the Irradiated Targets 
and Separated Medical Isotopes 

Product Isotope Estimated Annual Radionuclide Quantity Shipped (Ci/Shipment) 
Number of Shipped ' 

Shipments of 
Irradiated Targets Irradiated Targets Isotope <•> · 

and Separated to 325 Building 
Isotopes 

Agl08 3.8E-03 Waste 

Agll0m 4.8E+0l Waste 

AgllO 6. 7E-01 Waste 

Ag Ill 7 .7E-06 Waste 

Pdl09 l .6E-03 Waste 

Cu64 25 Cu64 2.2E+0l 2.2E+0l
0 

Zn65 2.5E+00 Waste 

Cu67 2. IE-03 Waste 

Cu67 25 Cu67 8.3E+OO 8.3E+00° 

Zn65 l.2E-03 Waste 

Zn69m 3.6E+OO Waste 

Zn69 l.4E+0l Waste 

Gd153 1 Gd153 6.1E+03 6.IE+03 

Eu152m 2.3E-05 Waste 

Eu152 3.3E+03 Waste 

Eu-154m 3.IE-05 Waste 

Eu154 l.8E+04 Waste 

Eu155 6.1E+03 Waste 

Eu156 8.3E+04 Waste · 

Sm153 6.4E-05 Waste 

Ho166 25 Ho166 4.0E+0l 4.0E+0l 

Ho166m 3.8E-05 3 .8E-05 

Ho167 9.7E-03 9.7E-03 
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Table 1. Radiological Source Terms Used in this Analysis for the Irradiated Targets 
and Separated Medical Isotopes 

Product Isotope Estimated Annual Radionuclide Quantity Shipped (Ci/Shipment) 
Number of Shipped 

Shipments of 
Irradiated Targets Irradiated Targets Isotope<•> 

and Separated to 325 Building 
Isotopes 

Er167m 9.7E-03 9.7E-03 

Dy166 9.6E-07 9.6E-07 

1125 1 1125 1.4E+04 1.4E+04 

Xe125 1.4E+04 Waste 

1124 5.9E-01 Waste 

1126 2.4E+02 Waste 

1131 10 1131 6.0E+02 6.0E+02 

Te129m l.lE+0l Waste 

Tel29 8.8E+0l Waste 

Tel31 6.7E+02 Waste 

1129 1. lE-06 Waste 

1130 2.2E+00 Waste 

lr192 1 Ir192 2 .0E+06 2.0E+06 

Ir192m 2.8E+0l 2.8E+0l 

Ir193m 1.6E+04 l.6E+04 

Ir194m 6.8E+03 6.8E+03 

Ir194 2.8E+02 2.8E+02 

Pt193m 2.2E+03 2.2E+03 

Pt193 2.8E+0l 2.8E+0l 

Pt195m 1.5E+02 1.5E+02 

Lu177 10 Lu177 9.8E+00 9.8E+00° 

Lul76m l.lE+OO Waste 

Lu177m 1.lE-03 Waste 
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Table 1. Radiological Source Terms Used in this Analysis for the Irradiated Targets 
and Separated Medical Isotopes 

Product Isotope Estimated Annual Radionuclide Quantity Shipped (Ci/Shipment) 
Number of Shipped 

Shipments of 
Irradiated Targets Irradiated Targets Isotope (a) 

and Separated to 325 Building 
Isotopes 

Lu178 3.2E-04 Waste 

Lu179 5.SE-08 Waste 

Hf177m 1.4E-03 Waste 

Hf178m l.9E-05 Waste 

Hf179m l .5E-05 Waste 

Mo99 25 Mo99 l.2E+04 l.2E+04 

MolOl 2.0E+OO 2.0E+00 

Tc99m 7.6E+03 7.6E+03 

Tc99 3. lE-04 3.IE-04 

Tel01 l.SE+0l l.5E+0l 

Os194 1 Os194 2.6E+0l 2.6E+0l 

Os191m 5.0E+02 Waste 

Os191 3.3E+05 Waste 

Os193 l.5E+05 Waste 

Ir192 l.1E+03 Waste 

Ir193m 1.lE+0l Waste 

Ir194m l .5E-03 Waste 

Ir194 2.6E+0l Waste 

P32 5 P32 1.6E+02 l.6E+02 

S35 3.3E+0l Waste 

P33 4.0E-01 Waste 

P33 3 P33 2.0E+02 2.0E+02 

S35 2.3E+0l Waste 
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Table 1. Radiological Source Terms Used in this Analysis for the Irradiated Targets 
and Separated Medical Isotopes 

Product Isotope Estimated Annual Radionuclide Quantity Shipped (Ci/Shipment) 
Number of Shipped 

Shipments of 
Irradiated Targets Irradiated Targets Isotope (a) 

and Separated to 325 Building 
Isotopes 

P32 5.2E+00 Waste 

Pd103 5 Pd103 5.5E+03 5.5E+03 

Rhl03rn 5.5E+03 5.5E+03 

Rh105 8.SE-05 8.SE-05 

Agl07m 4.SE-05 4.SE-05 

Pt195m 5 Pt195m 4.5E+00 4.5E+00 

Pt193m 8.8E+00 8.8E+00 

Pt193 l.4E-01 l.4E-01 

Pt197 8.6E+0l 8.6E+0l 

lr193m l. lE-01 l.lE-01 

Ir194m l.SE-04 1.SE-04 

Ir194 4.2E-05 4.2E-05 

Au197m 8.6E+0l 8.6E+0l 

Re186 10 Re186 7.0E+03 7.0E+03 

Re186m 1.7E-03 l .7E-03 

Re188 4.8E+02 4.8E+02 

Re189 9.3E-02 9.3E-02 

Os189m 4.0E+00 4.0E+00 

W187 3.7E-01 3.7E-01 

W188 l.2E-09 l.2E-09 

Sc47 25 Sc47 4.0E+Ol 4.0E+0l 

Sc46 l.5E-02 Waste 

Sc48 5.6E-02 Waste 
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Table 1. Radiological Source Terms Used in this Analysis for the Irradiated Targets 
and Separated Medical Isotopes 

Product Isotope Estimated Annual Radionuclide Quantity Shipped (Ci/Shipment) 
Number of · Shipped 

Shipments of 
Irradiated Targets Irradiated Targets Isotope (a) 

and Separated to 325 Building 
Isotopes 

Ca47 2.3E-05 Waste 

Se75 1 Se75 9.9E+0l 9.9E+0l 

As76 4.7E-02 4.7E-02 

As77 4.0E-05 4.0E-05 

Sm145 1 Sm145 l.0E+02 l.0E+02° 

.Sm146 5.5E-07 5.5E-07 

Sm151 l.7E-01 l.7E-01 

Pm145 2.lE+00 2.lE+OO 

Pm146 1.2E-01 1.2E-01 

Pm147 2.8E-03 2.8E-03 

Pm148m l .9E-03 1.9E-03 

Pm148 4.2E-03 4.2E-03 

Pm149 1.5E-03 l .5E-03 

Nd147 4.6E-04 4.6E-04 

Sm153 25 Sml53 8.0E+0l 8.0E+0l 

Sm151 2.0E-06 2.0E-06 

Sm155 4.lE-04 4.lE-04 

Sm156 1.2E-07 1.2E-07 

Eu152m 5.0E-08 5.0E-08 

Eu154m 2.0E-01 2.0E-01 

Eu154 3.0E-03 3.0E-03 

Eu155 3.lE-04 3. lE-04 

Eu156 8.6E-03 8.6E-03 
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Table 1. Radiological Source Terms Used in this Analysis for the Irradiated Targets 
and Separated Medical Isotopes 

Product Isotope Estimated Annual Radionuclide Quantity Shipped (Ci/Shipment) 
Number of Shipped 

Shipments of 
Irradiated Targets Irradiated Targets Isotope (a) 

and Separated to 325 Building 
Isotopes 

Sn117m 5 Snl17m 2.0E+02 2.0E+02 

Sn119m l.7E-02 l.7E-02 

Sr85 1 Sr85 4.9E+02 4.9E+02 

Sr89 6.5E-02 6.5E-02 

Sr90 · 5.4E-06 5.4E-06 

Rb84 1.3E+OO 1.3E+00 

Rb86 3.0E+OO 3.0E+OO 

Kr85 4.2E-05 4.2E-05 

Sr89 3 Sr89 3.9E+02 3.9E+02 

Sr85 4.6E-03 Waste 

Sr90 2.5E-02 Waste 

Rb86 5. lE-06 Waste 

Y88 7.9E-06 Waste 

Y90 1.5E+00 Waste 

W188 1 Wl88 3.3E+04 3.3E+04 

Wl81 2.8E-03 2.8E-03 

W185 9.2E+04 9.2E+04 

Wl87 1.8E+05 l.8E+05 

Ta182 1.2E-05 1.2E-05 

Tal.83 8.0E-05 8.0E-05 

Re186m 4.6E-03 4.6E-03 

Re186 4.8E+03 4.8E+03 

Re188m l .6E-06 l.6E-06 
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Table 1. Radiological Source Terms Used in this Analysis for the Irradiated Targets 
and Separated Medical Isotopes 

Product Isotope Estimated Annual Radionuclide Quantity Shipped (Ci/Shipment) 
Number of Shipped 

Shipments of 
Irradiated Targets Irradiated Targets Isotope (a) 

and Separated to 325 Building 
Isotopes 

Re188 4.0E+04 4.0E+04 

Re189 2.7E+0l 2.7E+0l 

Os189m 3.5E+0l 3.5E+0l 

Xe127 3 Xe127 2.0E+02 2.0E+02 

Y91 1 Y91 9.9E+0l 9.9E+0l 

Zr89 7.SE-01 Waste 

Zr93 5.SE-04 Waste 

Zr95 2.lE-02 Waste 

Y90 3.2E+OO Waste 

a Rec elect - Radioactive material will be rec elect for further use m tar ets ( ) y y g 
Waste - Material is not shipped as part of separated isotope and is treated as liquid and 
solid waste. · 

(b) Th-227, Th-228, and Th-229 are isotopes generated during the irradiation of the Ra-226 
target and may be shipped with the Ac-227 medical isotope or shipped separately. 

( c) Inventories of radioactive materials shown are less than Type B quantities as defined in 
10 CFR 71 Appendix A; however, for the purposes of this analysis, all shipments are 
assumed to be shipped in Type B shipping casks. 
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Table 2. Radiological Source Term for Irradiated Target Activation Products used in 
the Analysis of Irradiated Target<a> 

Long irradiation vehicle or target element 30 Long-Irradiation 
Isotope activation products selected for analysisCh> Vehicles or Targets 

Element Curies per Curies of Curies per Curies of 
Ci/g Element Crud<c> per 30 Elements .Crud per 30 

Element Elements 

Co58 l.31E+00 1.54E+04 l.81E-05 4.62E+05 5.56E-03 

Co60 3.05E-03 3.60E+0l l.85E-04 l.08E+03 l.30E-05 

Mn54 l.27E-01 l.50E+03 4.33E-07 4.51E+04 5.42E-04 

Ta182 3.07E-02 3.62E+02 4.36E-06 l.09E+04 l.31E-04 

Activation products not considered in analysis 

H3 Sc46 Ni59 Zr95 Nb95 Tc99 

C14 Cr51 Ni63 Nb92 . Nb95M Ru103 

P32 Fe55 Zn65 Nb94 Mo93 W185 

Ca45 Fe59 Y90 

(a) Stamless steel claddmg was assumed for this analysis . 
(b) Selection of dominant activation products for analysis was based on a screening analysis 

performed by multiplying together the radionuclide inventories for each activation product 
and their respective inhalation dose conversion factors taken from EPA (1988). The four 
isotopes considered in the analysis represent over 99 percent of inhalation "risk." 

(c) "Crud" is the activated corrosion products adhering to or deposited on the external 
surface of the irradiated targets. Quantities of crud per target were derived from crud 
characterization studies on pressurized water reactor (PWR) fuel assemblies 
(Adams 1990). 
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Table 3. Radiological Source Terms for Liquid and Solid Waste Shipment~a> 

Isotope Liquid '\Vaste Solid vVaste 
(Ci/Shipment) (Ci/Shipment) 

Ac228 6.79E-03 3.69E-06 

Co58Cb> 2.35E-03 1.49E-05 

Co6QCb> 2.35E-02 l.49E-04 

Eu152 5.00E+02 2.72E-01 

Eu154 2.63E+03 1.43E+00 

Eu155 9.21E+02 5.0lE-01 

Eu156 l .24E+04 6.74E+00 

1129 l.62E-05 8.81E-09 

Mn54Cb> 5.49E-05 3.49E-07 

Os191 4 .92E+04 2.68E+0l 

Os193 2.26E+04 l.23E+0l 

Sr90 2 .21E-02 l .20E-05 

Ta182Cb> 5.53E-04 3.51E-06 

a Selection ot dommant activation roducts tor anal sis was based on a screerun anal SIS . () p y g y 
performed by multiplying together the radionuclide inventories for each activation product 
and their respective inhalation dose conversion factors taken from EPA (1988). These 
isotopes listed in this table represent over 99 percent of inhalation "risk." 

(b) Source terms for these isotopes are derived from information provided in Table 2. 
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3.0 TRANSPORTATION SYSTEM DESCRIPTIONS 

This section pruv ides a description uf representati vc: shiv ping rnntainc:rs thaL will be used 
to transport the enriched unirradiated target materials, unirradiated and irradiated targets, 
separated isotopes, and solid and liquid wastes . This section also provides a description of 
the truck and air transportation routes . 

3.1 Description of Shipping Containers 

The following sections provide descriptions of the representative shipping casks for 
irradiated target shipments , and separated isotopes shipments (both overland and air) . There 
are no special packaging requirements associated with the transport of the target materials or 
unirradiated targets. It is assumed that all truck shipments of radioactive materials will 
comply with the appropriate packaging requirements contained in 10 CFR 71 (Type B 
container) and 49 CFR 173 (Type A container). All air shipments will comply with the 
requirements contained in 49 CFR 175. It is assumed the irradiated targets would be placed 
in a "shielded pig" and then placed into a T-2 shipping cask, rapid retrieval targets or first 
placed directly into a T-2 shipping cask (long irradiation vehicle or target). The isotope 
products would be shipped in a CI-20WC-2A cask and the solid and liquid wastes would be 
shipped in a 55 gallon steel drum and bowling ball cask, respectively . A summary of the 
shipping cask dimensions and construction materials is provided in Table 4. 

3 .1.1 Irradiated Target Assemblies. Although there are two different target vehicles, the 
long irradiated target vehicle (up to 1 m in length) and the rapid retrieval target vehicle (up 
to 20 cm in length), both irradiation vehicles will be shipped from the FFTF to 325 Building 
using the T-2 shipping cask. The elements or pins from the long irradiation target vehicles 
will be inserted directly into the shipping cask, whereas the rapid retrieval targets will be 
inserted into a smaller package "shielded pig", which will be inserted into the shipping cask. 
For the purposes of this analysis , it is assumed that the ·elements or pins from one assembly 
(i. e., carrying a single target isotope and its associated impurities) will be shipped at a time. 

The following subsections discuss the proposed long irradiated target vehicle shipping 
cask and the rapid retrieval target package. 

3.1.1.1 Long Irradiated Target Vehicle Shipping Cask. The long-length irradiated target 
shipping cask will be used for transporting irradiated targets . A typical example for this type 
of casks is the T-2 shipping cask (shown in Figure 2.) . This cask has .been used on the 
Hanford Site in the past and is certified to carry sodium-bonded metal fuel pins (NRC 1988). 
The T-2 meets the requirements for a Type B shipping package. 
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The T-2 cask is 116 in. long with a 100 in. long by 6 in. I.D. liner made of schedule 40 
stainless steel pipe. The outside shell of the cask is made in three sections. The center 
seclion is a 24 in. O.D. scheJule 40 carbon steel pipe. Each end section is mac.It: of 16 in. 
O.D. schedule 40 carbon steel pipe. The space between the liner and shell is filled with lead 
for shielding. At the top, there is a 7- 5/8 in. I.D. opening which is closed by an 8 in. thick 
stainless steel shield plug. ·Figure 2 ·shows, the cross section of a T-2 cask with dimensions .. 
The cask is enclosed in a steel shipping case during transport. 
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Table 4. Shipping Cask Dimensions and Construction Materials, from Inner Cavity to Outer Wall (in inches) 

Shipping Inner 
Cask cavity 

Radius 

T-2 (end) 3.0 

T-2 (center) 3.0 

Shielded Pig 2.0 

CI-20WC- 1.12 
2A 

200-gallon 22.25 
Bowling Ball 
Cask 

55- gallon l l.25 
drum 

)tl- Steel uns ec1hed p 
· SStl- Stainless steel 

DU- Depleted uranium 

1st Layer 

Thick. Mat!. 

0.3 SStl 

0.3 SStl 

0.25 SStl 

0 .25 SStl 

0.5 St! 

0.05 St! 

2nd Layer 3rd Layer 4 th Layer 5th Layer 6th Layer 7th Layer 

Thick. Mat!. Thick. Mat!. Thick. Mat!. Thick. Mat!. Thick. Mat!. Thick. 

4.25 Lead 0.5 Stl No additional shielding provided 

8.0 Lead 0.7 St! No additional shielding provided 

1.5 Lead 0 .25 SStl No additional shielding provided 

0.2 Air 0 .08 St! 1.8 DU 0.08 St! 5.5 Wood 0 .05 

8.0 Lead 0.5 St! No additional shielding provided 

No additional shielding provided 
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Figure 2. T-2 Shipping CasK: Long-length Irradiated Target. 
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3.1.1.2 Rapid Retrieval Target Vehicle Package . The rapid retrieval targets will be 
packaged in a container and inserted in the T-2 shipping cask for transport to the 325 
Building from FFTF. A 'shielded pig' or sample pig will be used for packaging the rapid 
retrieval targets. For the purposes of this analysis, the proposed ' shielded pig ' is assumed to 
be 48 in. tall by 6 in. in diameter. Based on existing sample pig design information, the 
' shielded pig' inner and outer walls will- be constructed with schedule 40 carbon steel pipe. 
Lead shielding will be provided between the inner and outer carbon steel pipes in a 
"sandwich" configuration. The T-2 will be equipped with spacers to prevent the movement 
of the sample pig within the T-2 cask cavity . Smaller (i.e., shorter) shielded pigs have been 
approved for use on the Hanford Site in the past. It is anticipated that the longer shielded 
pig proposed for the transport of the rapid retrieval targets will also be approved for use on 
the Hanford Site. 

3.1.2 Separated Isotope. The CI-20WC-2 or CI-20WC-2A container can be used for 
shipping the separated isotopes from PNNL to the pharmaceutical distributor. Following 
target processing, the separated isotopes, either as liquids , gasses or solids , will be placed in 
glass vials and inserted into the CI-20WC-2 or CI-20WC-2A. These casks have been 
certified for both overland and air shipments (NRC 1988). For this analysis, it is assumed 
the CI-20WC-2A will be used for the separated isotope shipments . The CI-20WC-2A is 
certified as a Type B shipping package. 

The CI-20WC-2A container, shown in Figure 3, consists of an outer steel jacket, 24.25 
in high by 18 in. in diameter and an inner depleted uranium shipping cask, 9 in. high by 4.5 
in. in diameter and 1.8 in. thick. Between the outer steel jacket and the depleted uranium 
cask is a wooden impact limiter 5.5 in. thick on the sides, top and bottom. The inner and 
outer walls of the depleted uranium cask are constructed of schedule 40 carbon steel pipe 
with a gasketed and bolted flange closure. The inner cavity of the depleted uranium cask, 
which is designed to accept a 2R shipping container, is 6 in. high and 3 .1 in. in diameter. 

The 2R shipping_ container is a 2. 73 in. OD X 5. 56 in. long stainless steel, gasketed and 
threaded container. Spacers will be placed within the 2R shipping container to limit the 
movement of the glass vial containing the separated isotope. 

3.1.3 Solid and Liquid Waste. 

Solid wastes will be shipped from the PNNL facility to Hanford ' s Solid Waste Disposal 
Facility in the 200 West Area using a 55-gallon drum. A Bowling Ball Cask will be used to · 
transfer liquid wastes generated by the medical isotope separation process at the PNNL 325 
Building to the Hanford Site tank farms located in the 200 East Area. These shipping 
packages have been approved for use on the Hanford Site in the past. These shipping 
containers are discussed in the following. 
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Figure 3. CI-20WC-2A Shipping Casks: Separated Isotopes 
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3.1.3.1 55-Gallon Drums. The 55 gallon drums are certified for onsite shipments of Type 
A and Type B quantities of solid wastes on the Hanford Site . A 55 gallon drum has a 
maximum capacity of approximately 9 cu ft of low-level solid waste; however, if necessary 
to reduce external dose rates, shielding can be added thus reducing t~e capacity . 

If required -by regulations to reduce the e~temal doses , the 55-gal drum can be placed 
into an overpack. The N-55 Overpack (certified as a Type B package) is a circular cylinder 
that is 32 in. in diameter by 48 in. in height. The cavity has a diameter of 24 in. and a 
height of 34 ½ in. constructed of a 20-gauge galvanized steel shell filled with rigid 
polyurethane foam. · 

3.1.3.2 Bowling Ball Liquid Waste Casks. Bowling ball casks are used to store and 
transfer radioactive liquid waste. A 200-gal. capacity bowling ball cask is shown in Figure 
4 . The containment body consists of two concentric spherical shells positioned on top of a 
support frame. The inner shell has a diameter of 44.5 in. I.D . The outer shell has a outside 
diameter of 62 .5 in. Both shells have a thickness of ½ in . . The lead shielding between the 
shell is about 8 in. thick. The top of the cask is shielded by a top lead plug. 

3..2 ROUTE DESCRIPTIONS 

The bounding transportation routes assumed for this analysis are shown in Table 5. The 
information shown in Table 5 includes the shipping distances and population density data . 
These data were developed using the HIGHWAY (Johnson et al. 1993) computer code for 
offsite truck shipments. Onsite route descriptions were estimated using site maps. The 
population density data for on-site shipments were developed using site maps and uses 
suburban population densities_ to represent occupied facilities and rural population densities 
for all other areas adjacent to the transport route. These data are summarized in Table 5 for 
each transport segment described in Section 2 .. 
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Figure 4. 200 Gallon Bowling Ball Cask. 
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Table 5. Summary of Transportation Routing Information 

Option/Material Transported Shipment Description Population Densities (people/km1
) 1" 

(km one-way) 

Transportation Route Onsite Offsite Onsite Offsite 

Origin Destination Rural Suburban Rural I Suburban I Urban 

Unirradiated Target Material, not including Ra-226 Target 

ORNL 300 Area NA 3834 Not Applicable 6.4 I 342.2 12,087.6 
(3,381) (411) (42) 

Unirradiated Targets, including Ra-226 Target 

300 Area FFTF 14 NA 2.4- 89.8 Not Applicable 
(10) (4) 

Irradiated Targets 

FFTF 325 Building 14 NA 2.4 89.8 Not Applicable 
(10) (4) 

Separated Medical Isotope 

325 Building Pasco/Kennewick/ NA 32 Not Applicable 6.4 1342.2 12,087.6 
Richland Airport (22) (9) (I) 

Pasco/Kennewick/ Salt Lake City Airport NA 521 Not Applicable 
Richland Airport 

Salt Lake City Airport Boston, Ma Airport NA 2105 Not Applicable 

Boston, Ma Dupont-Merck NA 35 Not Applicable 14.5 1478.9 12,563 .5 
(5) (18) (12) 

Salt Lake City Airport Chicago, ·n Airport NA 1257 Not Applicable 

Chicago, n Airport Amersham Mediphysics NA 32 Not Applicable 7.8 1670.3 12,829.0 
(7) (8) (17) 
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Table 5. Summary of Transportation Routing Information 

Option/Material Transported Shipment Description Population Densities (people/km2)<aJ 
(km one-way) 

Transportation Route Onsite Offsite Onsite Offsite 

Origin Destination Rural Suburban Rural Suburban Urban 

Salt Lake City , Ut St. Louis, Mo Airport NA 1,156 Not Applicable 
Airport 

St. Louis, Mo Airport Mallinckrodt NA 13 Not Applicable 2.3 778 .1 2,611.2 
(1) (6) (6) 

Liquid and Solid Waste Shipments from PNNL to 200 East and West Areas 

325 Building Liquid Waste to 200 35 NA 2.4 89.8 Not Applicable 
East Area Tank Farms (34) (I) 

325 Building Solid Waste to 200 43 NA 2.4 89.8 Not Applicable 
West Area Solid Waste (39) (4) 
Facility 

(a) Values shown in parenthesis are the total km traveled within the population zone. 
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4.0 INPUT PARAMETERS FOR TRANSPORTATION IMPACT ANALYSIS 

This section provides the input p:iramctcrs used to pcrfom1 the transportation impact 
analysis. The RADTRAN 4 computer code (see Section 1. 1.) is used to calculate routine 
and accident radiological impacts . Hand calculations are used to calculate non-radiological 
routine and accident impacts. The input parameters, for both radiological and non
radiological routine and accident impacts , required to perform the analysis include distance 
traveled , persons exposed during the shipment of the isotope , including occupants of vehicles 
on the roadway, persons adjacent to the transport route, and persons within the vehicle 
(airplane or truck) , and a description of the package, including dimensions , external exposure 
rates and failure mechanisms. 

A key input parameter in the RADTRAN calculations is the radiation dose rate emitted 
from the loaded shipping containers. In RADTRAN , this parameter is the TI value . The TI 

. value for the shipments are defined as the radiation dose rate at 1 m from the external 
surface of the shipping containers. TI values for the irradiated target and separated isotope 
product shipments were calculated using MICROSHIELD Version 5.01 (Grove Engineering 
1996). The other shipments were assumed to emit radiation levels equivalent to regulatory 
limits , which equates to a TI value of about 13.7 mrem/hr (RADTRAN 4 internally checks 
the input TI value and resets to a lower dose rate if it is determined that the TI value would 
exceed regulatory maximum levels) . 

MICROSHIELD calculates the direct line-of-sight radiation dose rate emitted from a 
radioactive source. A cylindrical source with cylindrical side shields was the geometry 
selected to model the shipments. Figure 5 illustrates the CI-20WC-2A shipping cask 
geometry and Figure 6 illustrates the T-2 shipping cask geometry used in the 

· MICROSHIELD calculations. The dose point coordinates used in the calculations are located 
100 m from the external surfaces of the casks (X coordinate) and at the mid-point of the 
source (Y coordinate). 

The radioactive materials were assumed to be uniformly distributed within the shipping 
container' s internal cavity. The source was conservatively assumed to be represented by air. 
Source inventories were provided in Section 2. Shielding thicknesses and materials provided 
by the shipping casks and internal containers were taken from Section 3.1. Note that the CI-
20WC-2 and CI-20WC-2A containers are provided with a 14 cm (5.5 in) thick wooden layer. 
Since the properties of wood are not in the MICROSHIELD materials library, it was 
assumed to be modeled as water with a density of 0.5 g/cm3

• This density is near the lower 
end of the range of wood densities and should result in conservatively-high radiation dose 
rates. Shielding properties of air, lead, uranium, and iron (for stainless steel) were taken 
from the materials library provided by MICROSHIELD. 

The results of the MICROSHIELD calculations are presented in Table 6. 
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Figure 5. Geometry of Cl-20WC-2A Shipping Cask 
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Figure 6. Geometry ofT-2 Shipping Cask 
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Table 6. Calculated Tl's for Irradiated Target and Medical Isotope Shipments 

Isotope Calculated TI (mrcm/hr) Isotope Calculated TI (mrem/hr) 

Irradiated Medical Irradiated Medical 
Targets Isotopes Targets Isotopes 

Ac-227 l.65E-01 l.19E-07 Pd-103 2.54E-01 1.35E-08 

Au-198 l.65E-01 2.24E+00 Pt-195m l.65E-01 3.40E-05 

Cd-109 1.93E~0l 3.70E-20 Re-186 l.65E-01 l.30E+01<•> 

Cu-64 2.54E-01 l.23E+00 Sc-47 2.54E-01 9.33E-14 

Cu-67 2.54E-01 9.54E-09 se~75 1.65E-01 3 .27E-02 

Gd-153 l.30E+01<•> 2.55E-l 7 Sm-145 1.65E-01 6.61E-02 

Ho-166 l.66E-01 7.79E+00 Sm-153 l.65E-0l l.0lE-01 

1-125 1.71E-01 4.21E-19 Sn-117m 2.54E-01 6.13E-18 

1-131 l.74E-01 5.50E+00 Sr-85 2.54E-01 3 .64E+OO 

Ir-192 l.71E-01 l.30E+01<•> Sr-89 2 .54E-01 l.02E-01 

Lu-177 l.65E-01 1.94E-13 Thorium See Ac-227 l.19E-07 

Mo-99 l.68E-01 l.30E+01<•> W-188 l.74E-01 1.30E+01<•> 

Os-194Cbl l.65E-01 1.30E+0l Xe-127 2.54E-01 1.14E-03 

P-32<c> 2.54E-01 0.00E+00 Y-91 2.54E-01 2.26E+OO 

p_33Ccl 2 .54E-01 0.00E+00 

a) ~melctmg ca1cu1at1ons md1cate these shipments m1gnt exceed regulatory dose hID!ts usmg the standard 
shielding configuration. A different shipping configuration (i.e., additional shielding or different shipping 
cask) was assumed to allow shipments up to the inventories shown in Table 1. A TI of 13 mrem/hr. would 
result in a dose rate slightly below the regulatory limit. 

(b) Os-1 94 is not in the MICROSHIELD source database and was not included in routine radiation dose 
calculations of separated isotopes. Irradiated target TI is based on the presence of activated hardware or 
target cladding. 

(c) P-32 and P-33 decay does not emit gamma radiation. 
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Section 4.1 provides the input parameters for the truck shipments and Section 4.2 
. provides the input parameters for the air transport shipments. 

4.1 TRUCK TRANSPORT INPUT PARAMETERS 

The following subsections provide the input parameters used to calculate radiological and 
non-radiological impacts from routine and accident truck transport conditions. 

4.1.1 Radiological Impacts from Routine Transportation. Routine radiological impacts 
are calculated using the RADTRAN 4 computer code. RADTRAN 4 input parameters for 
calculating routine truck crew and population doses include route information (i.e., shipping 
distances and fractions of travel in rural, suburban, and urban population zones), shipping 
cask external exposure rate, and the number of individuals potentially exposed to the 
shipment. These data are presented in Tables 5 and 7. 

The calculation of in-transit radiological impacts requires the number of individuals 
potentially exposed to the shipment, including the truck crew and the public. These data are 
shown in Table 5 and include the population densities in rural , suburban and urban 
population zones, fractions of travel within each population zone, the number of individuals 
and average exposure distances at truck stops, and the number of individuals in a truck crew 
and their exposure distance, (i.e. , distance from the shipping cask to the truck crew) . 
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Table 7. RADTRAN Input Parameters 

Jnp11t pnrnmeter Unirrarli~terl Irrarlinterl Prnrl11ct 

Target Target Isotope 
Material 

.Routing Description (see also Table S) 

Velocity in Rural Population Zone (kmfhY•> 88.6 88 .6 88 .6 

Velocity in Suburban Population Zone (km/hf> 40.3 40.3 40.3 

Velocity in Urban Population Zone (km/hf> 24 .2 24 .2 24.2 

Percentage of Travel Distance in Rural Population Zone - 70(c) 70 0 
Onsite 

Percentage of Travel Distance in Suburban Population Zone - 30(c) 30 0 
Onsite 

Percentage of Travel Distance in Rural Population Zone - · 88 0 1-69 
Off site<•> 2-14 

3-22 
4-8 

Percentage of Travel Distance in Suburban Population Zone - 11 0 1-28 
Off site<•> 2-52 

3-25 
4-46 

. Percentage of Travel Distance in Urban Population Zone - l 0 1-3 
Off site<•> 2-34 

3-53 
4-46 

Number of Truck Crewmen 2 2 2 

Distance from Source to c ·rew (m) 10.0 10.0 10.0 

Stop Time per km (h/km)Cbl 0.Dll 0 0 

Persons Exposed While Stopped'•> 50 NA NA 

Average Exposure Distance While Stopped (m)Cb> 20.0 NA NA 

Number of People per Vehicle on Liru(<b> 2 2 2 

Shipping Cask Description 

Dose rate l m from Vehicle/Package (mrem/h) 0 See Table 6 See Table 6 

Length of Package (m) 1.0 1.0 0.8 

(a Values shown are sh1 ment-s ) p p ecihc unless otherwise noted . 
(b) Default values from RADTRAN (Neuhauser and Kanipe 1992 and Madsen et al. 1983). 
(c) Percentages shown are for Ra-226 shipments from the 325 Building to FFTF 
(d) 1 - Product isotope to Pasco/Kennewick/Richland Airport 

2 - Product isotope from Boston Airport to Dupont-Merck 
3 - Product isotope from Chicago Airport to Amersham Mediphysics 
4 - Product isotope from St. Louis Airport to Mallinckrodt 
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88.6 

40.3 

NA 

90 

IO 

0 

0 

0 
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10.0 

0 

NA 

NA 
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4.1.2 Radiological Impacts Due to Transportation Accidents . Radiological impacts from 
transportation accidents are calculated for the public as well as a maximum onsite and offsite 
individuals. The impacts tc the public arc presented in this scctior, as integrated population 
risks (i .e., accident frequencies multiplied by consequences) for individual shipments and the 
stipulated number of annual shipments of each radioactive material. ' The impacts to the 
public and maximum individual are based on the -radiological inventories shown in Tables 1, 
2, and 3. 

Integrated population risk calculations are performed using the RADTRAN 4 computer 
code (Neuhauser and Kanipe 1992). The maximum individual doses due to a transportation 
accident are performed using GENII (Napier 1989). The following subsections provide the 
input parameters for the integrated population and maximum individual radiological impact 
analysis. · 

For this analysis, risk is defined as the product of the frequency of occurrence of an 
accident involving a shipment and the consequences of an accident. Consequences are 
expressed in terms of the radiological dose and latent cancer fatalities from a release of 
radioactive material from the shipping cask or the exposure of persons to radiation that could 
result from damaged package shielding. The frequency of an accident that involves 
radioactive materials is expressed in terms of the expected number of accidents per unit 
distance integrated over the total distance traveled. The response of the shipping cask to the 
accident environment and the probability of release or loss of shielding is related to the 
severity of the accident. 

The frequencies of occurrence of transportation accidents that would release significant 
quantities of radioactive material are relatively small because the shipping casks are designed 
to withstand severe transportation accident conditions (i.e., the shipping casks for all the 
materials shipped in this analysis were assumed to meet the Type B packaging requirements 
specified in 10 CFR 71). Accidents on the road are difficult to totally eliminate. However, 
because the shipping casks are capable of withstanding certain accident environments, 
including severe mechanical and thermal stress, only a relatively small fraction of accidents 
involve conditions that are severe enough to result in a release of radioactive materials. 

Should an accident involving a shipment occur, a release of radioactive material could 
occur only if the shipping cask and internal packaging were to fail. A failure would most 
likely be a small gap in a seal or small split in the containment vessel. For the radioactive 
material to reach the environment, it would have to pass through the split in the cask or 
through the failed seal. Materials released to the environment would be dispersed and 
diluted by weather action and a fraction would be deposited on the ground (i.e., drop out of 
the contaminated plume) in the su_rrounding region. Emergency response crews arriving on 
the scene would evacuate and secure the area to exclude bystanders from the accident scene. · 
The released material would then be cleaned up using standard decontamination techniques, 
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such as excavation and removal of contaminated soil. Monitoring of the area would be 
performed to locate contaminated areas and to guide cleanup crews in their choice of 
protective clothing and equipment (e.g., fresh-air equipment, fi ltered masks, etc.). Access to 
the area would be restricted by Federal and/or state radiation control agencies until it had 
been decontaminated to safe levels. 

The RADTRAN 4 computer code was used to calculate the radiological risk of 
transportation accidents involving radioactive material shipments. The RADTRAN 4 
methodology was summarized previously . For further details, refer to the discussions 
presented by RADTRAN III (Madsen et al. 1986) and RADTRAN 4: Volume 2 -- Technical 
Manual (Neuhauser and Kanipe 1995). 

In addition to transportation route information discussed in Section 3 .1.1, there are five 
major categories of input data needed to calculate potential accident transportation risk 
impacts using the RADTRAN 4 computer code. These are : 1) accident frequency , 2) 
release quantities , 3) atmospheric dispersion parameters, 4) population distribution 
parameters, and 5) human uptake and dosimetry models . Accident frequency and release · 
quantities are discussed below. The remaining parameters have been discussed in previous 
sections . 

Accident Frequency 

The frequency of a severe accident is calculated by multiplying an overall accident rate 
(accidents per truck-kilometer) by the conditional probability that an accident would involve 
mechanical and/ or thermal conditions that are severe enough to result in container failure and 
subsequent release of radioactive material. State-specific accident rates per kilometer of 
truck travel were taken from Saricks and Kvitek (1994) and combined with the shipping 
distances and travel fractions in rural suburban and urban population zones to calculate route
specific accident rates shown in Table 8. Hanford site accident rates per kilometer of truck 
travel were taken from Medical Isotope Production Project: Molybdenum-99 and Related 
Isotopes, Environmental Impact Statement (DOE 1996) (see Table 8). 

For this analysis , six severity categories were defined, with category 1 as the least severe 
and the higher categories (2-6) representing increasingly severe conditions . The conditional 
probabilities of encountering accident conditions in each severity category were taken from a 
U.S . Nuclear Regulatory Commission (NRC) document (Pilcher et al. 1987), which were 
developed based on reviews of accident records and statistics compiled by various State and 
Federal agencies . The conditional probability for a given severity category is defined as the . 
fraction of accidents that would fall into that severity category if an accident were to occur. 
The conditional probabilities were determined using a binning process described in DOE 
(1994). The derivation of the accident rates and conditional probabilities used in this analysis 
is discussed below. 
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As discussed above, six severity category levels were defined to model the response of 
the various shipments to accidents. Severity category 1 was defined as encompassing all 
accidents that are within the Type A Package envelope which would no t 'be sevt:re enough to 
result in failure of this type of shipping cask (i .e. , accidents with zero release) . Category 2 
was defined to encompass the Type B hypothetical test conditions . There would be no 
release from the · Type B package·:if an accident ·in this severity category were to occur. The 
higher categories (3-6) were defined to include more severe accidents and thus may lead to a 
release of radioactive material. Table 9 presents the conditional probabilities of the various 
severity categories which were used in this analysis . 

Table 8. Route Specific Accident Rates for Combination-Truck Shipments 

Combination-Truck Highway Accident Rate 
Transport Route (Accidents per Kilometer) 

Rural Suburban Urban 

Unirradiated target materials , not including Ra-226 

ORNL to PNNL 2.16E-07 3.47E-07 4.93E-07 

Unirradiated target materials , including Ra-226 

PNNL to FFTF<•> 8.86E-08 8.86E-08 8.86E-08 

Irradiated targets 

FFTF to PNNU•> 8.86E-08 8.86E-08 8.86E-08 

Separated isotopes 

.PNNL to Pasco/Kennewick/Richland Airport 2 .50E-07 2.06E-07 l.61E-07 

Boston Airport to Du-Pont Merck 6.47E-07 3 .95E-07 1.42E-07 

Chicago Airport to Amersham Mediphysics l.76E-07 5.26E-07 8.75E-07 

St. Louis Airport to Mallinckrodt l.78E-07 3.48E-07 5 .18E-07 

Liquid and solid waste 

PNNL to the 200 East and West Areas <•> 8.86E-08 8.86E-08 8.86E-08 

(a) Taken from DOE 1996 
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Table 9. Accident Severity Categories and Conditional Probabilities<a> 

Mude/Trnck Conditional PrnLability by Severity Category 

1 2 3 4 ' 5 6 

Rural 4.62E-01 ·3.02E-01 l.76E-01 4.03E-02 l .88E-02 6.84E-04 

Suburban 4.36E-01 2.85E-01 2.21E-03 5.06E-02 8.38E-02 7.31E-05 

Urban 5.83E-01 3.82E-01 2.78E-02 6.36E-03 8.88E-04 1.22E-05 
a ·ra1cen from Madsen et al . 1 • ( ) 186 

Release Fractions 

Release fractions (array RFRAC in RADTRAN 4) are used to determine the quantity of 
radioactive material released to the environment as a result of an accident. The quantity of 
material released is a function of the severity of the accident (i.e., thermal and mechanical 
conditions produced in the accident), the response of the shipping container to these 
conditions, and the physical and chemical properties of the material being shipped. The 
release fractions used in this analysis and the sources of the information are shown in Table 
10. 

Material 

Targets<•>(b> 
Particles 

Separated 
Isotopes 
Gases<•> 
Liquids(c) 

Waste 
Solid 
Liquid(c) 

(a) nucen from vu 

Table 10. Release Fractions Used for Assessment of Truck Accident 
Impacts<a) 

Release Fraction by Severity Category 

1 2 3 4 5 6 

0.00E+OO 0.OOE+00 l.00E-09 l.00E-08 l.00E-08 l.00E-07 

0.OOE+OO 0.OOE+OO l.OOE+00 l.00E+OO l.00E+OO l.OOE+OO 
0.OOE+OO 0.OOE+OO 5.00E-01 l.OOE+00 l.00E+00 l.OOE+00 

0.OOE+OO 0.OOE+OO l.OOE-09 l .00E-08 l.00E-08 l.00E-07 
0.OOE+OO O.OOE+OO 5.00E-01 l.OOE+00 l.OOE+OO l.OOE+OO 
l~~C> 

(b) These release fractions were applied to truck shipments of irradiated targets from FFTF to the 325 Building 
and Ra-226 shipments from 325 Building to FFTF 

(c) Taken from Green 1995 
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To determine radiological consequences, it is necessary to further characterize the 
material released. This additional characterization is required to determine the quantity of 
material aerosolized (i .e., particles small enough to be dispersed by wind) and rcspirable 
(i.e., particles small enough to be inhaled into the lungs) . Table 11 provides the fraction 
aerosolized and respirable , based on the form of the material shipped. 

Table 11. Fraction of Shipped Material Aerosolized and 
' Respirable<a> 

Material Shipped 

TargetsCb> 
Particles 

Separated Isotopes 
Gases 
Liquids 

Waste 
Solid 
Liquid 

(a) 
(b) 

Health Effects 

Fraction Aerosolized 

1.0 

1.0 
0.1 

1.0 
0.1 

Fraction Respirable 

0.05 

0.05 
0.05 

0.05 
0.05 

The output from The RADTRAN 4 computer analysis is presented in terms of the total . 
effective dose equivalent (TEDE or dose) to the affected population. The TEDE was then 
used to express the consequences in terms of potential health effects or latent cancer fatalities 
(LCF) . Recommendations of the International Commission on Radiological Protection (ICRP 
1991) for low dose rate radiological exposures were used to convert the TEDE to LCF. The 
conversion factor applied to adult workers was 4 x 104 LCF/rem TEDE, and that for the 
general population was 5 x 104 LCF/rem TEDE. The general population was assumed to 
have a higher rate of cancer induction for a given radiation dose than healthy adult workers 
because of the presence of more sensitive individuals (e.g., children) in the general 
population. 
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4.1.2.3 Impacts to the Maximum Individual due to a Transportation Accident . · 
Radiological doses for maximum-exposed individuals for the maximum credible 
transportation accident were calculated using GE::-~n (Napier ct al 1988) . The maximally 
exposed onsite individual is assumed to be located 100 m from the point of release. The 
maximally exposed offsite individual , for conservatism, based on the proximity of the 300 
Area and FFTF facilities··to the Hanford Site boundary, was assumed to be located 580 m 
from the release (PNNL 1996). The radionuclide inventory used in this analysis is shown in 
Tables 1, 2, and 3. 

The maximum credible transportation accident would result in an accident with sufficient 
energy to breach the shipping cask, and fail the target cladding or isotope package, with an 
ensuing fire of sufficient heat and duration to release a fraction of the cladding material 
and/or all of the available isotope. However, due to Hanford Site transportation controls, 
such as, special driver training requirements, time of day and inclement weather restrictions , 
good roads, favorable terrain, and minimal flammable liquid transportation traffic , an 
accident of this magnitude is not considered credible. For this analysis , the maximum 
credible transportation accident was postulated to involve severe impact (mechanical damage) 
and an ensuing fire of short duration, that is less severe than the Type B packaging thermal 
stress conditions (less than 800° fire for 30 minutes). The shipping cask and the target 
cladding are postulated to fail, thus exposing the irradiated isotope or target material to the 
environment. It was assumed that 10% of irradiated material is aerosolized and 5% of the 
aerosolized material is respirable. 

Radiological impacts to the maximum offsite and onsite individual and the maximum 
individual were calculated using GENII (Napier et al. 1988). As discussed in Section 1.2 
GENII can calculate doses to maximum individuals based on the quantity of materials 
released, meteorological conditions, location of the individual , and the characteristics of the 
release . Table 12 provides the input parameters used to calculate doses to the maximally 
exposed individuals. 
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Table 12. GENII Input Parameters to Calculate Doses to the Maximally 
Exposed Individuals 

Maximum Onsite 
Parameter individual 

GENII Inputs<•J 

Atmospheric conditions, X/Q(bJ 1.2E-03 

Exposure to ground contamination(bJ 2,000 hours/year 

Release height Ground level 

Building wake Yes 

Release source term development 

Initial source term Table 1 

Release duration 12 hours 

Fraction aerosolized 10 percent 

Respirable release fraction 5 percent 

(a) Inputs or modifications to GENII default values . . 
(b) Source: PNNL 1996 

Maximum Offsite 
individual 

Value 

1.4E-04 

8,760 hours/year 

Ground level 

Yes 

Value 

Table 1 

24 hours 

10 percent 

5 percent 

X/Q is the air pollutant concentration (mass per volume) divided by the pollutant emission 
rule (mass per time) 
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4.1.3 Nonradiological hnpacts From Routine Transportation Activities 

Impacts to the public from nonradiological causes are also evaluated . This involves 
fatalities from pollutants emitted by the vehicle engine exhaust during routine transportation. 
Based on the information contained in Rao et al. (1982), the types of pollutants that are 
present and can impact the public are sulfur oxides (SOx), particulates, nitrogen oxides 
(NOx), carbon monoxide (CO), hydrocarbons (HC) , and photochemical oxidants (Ox) . Of 
these pollutants, Rao et al. (1982) determined that the majority of the health effects are due 
to SOx and the particulates . Unit risk factors (fatalities per kilometer) for truck shipments 
were developed by Rao et al. (1982) for travel in urban population zones (1.0E-07/km for 
truck). 

4.1.4 Nonradiological hnpacts from Transportation Accidents . This section describes the 
analyses performed to assess nonradiological impacts to the public. Nonradiological accident 
impacts are defined here as fatalities resulting from potential vehicular accidents involving 
the shipments. The data that supports these unit risk factors combines the effects on the 
truck crew and others involved in the accident; therefore, nonradiological vehicular accident 
impacts do not distinguish between the crew and the public. 

Hand calculations were performed using "unit-risk factors" (fatalities per km of travel) to 
derive estimates of the nonradiological impacts. The nonradiological impacts were calculated 
by multiplying the unit risk factors by the round trip shipping distances (one-way shipping 
distances shown in Table 5 multiplied by 2) for all of the shipments in each shipping option. 
Nonradiological unit risk factors for vehicular accidents, shown in Table 13, were taken from 
Saricks and Kvitek (1994) and DOE (1996) . These risk factors, in units of fatalities-per-km 
of travel in rural and urban population zones , are multiplied by the total distance traveled in 
each zone by all of the shipments and then summed to calculate the expected number of 
nonradiological fatalities. The unit risk factor for travel in suburban zones was represented 
by the average of the rural and urban unit risk factors given by Saricks and Kvitek (1994) . 
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Table 13. Route Specific Fatal Accident Rates for Combination-Truck Shipments 

Combination-Truck Highway Fatality Rate 
(Fatalities per Kilometer) 

Transport Route . 
Rural Suburban<•> 

Unirradiated target materials, not including Ra-226 

ORNL to 300 Area l .54E-08 2.49E-08 

Unirradiated target materials, including Ra-226 

300 Area to FFTF(bl 5.30E-08 

Irradiated targets 

FFTF to 325 Building 5.30E-08 

Separated isotopes 

325 building to Pasco/Kennewick/Richland Airport l.47E-08 

Boston Airport to Du-Pont Merck 6.23E-08 

Chicago Airport to Amersham Mediphysics l.39E-08 

St. Louis Airport to Mallinckrodt l.23E-08 

Liquid and solid waste 

300 Area to the 200 East and West Areas(b> 

(a) Average of the rural and urban fatality rates 
(b) Taken from DOE 1996 

5.30E-08 
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5.30E-08 

5.30E-08 

l.14E-08 

3.77E-08 

3.36E-08 

2.77E-08 

5.30E-08 

Urban 

3.77E-08 

5.30E-08 

5.30E-08 

8.00E-09 

l.30E-08 

5.33E-08 

4.30E~08 

5.30E-08 
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4.2 INPUT PARAMETERS FOR AIR SHIPMENTS 

This section provides the RADTRAN 4 input parameters used to characterize air transport 
segments, model routine radiation exposures to the public and workers, and describe and 
quantify the impacts of accidents involving air shipments of medical isotopes . 

4.2.1 Radiological Impacts of Routine Transport 

Air transport of the shipping casks from the Tri-Cities Airport to the radiopharmaceutical 
suppliers is expected to be accomplished by commercial air transport. As a bounding 
assumption, air transport is assured to be on commercial passenger flights ( during routine 
operations isotope products would only be transported on passenger flights in rare instances. 
The shipping casks would be unloaded from their truck shipments at the Tri-Cities Airport or 
other local airport, loaded aboard the aircraft, and shipped to the destination airport (i.e., 
Chicago, IL, Boston, MA, and St. Louis, MO), where they would be picked up and 
transported by truck to the pharmacological suppliers . Each shipment was assumed to be 
transferred at the carrier's central distribution hub to a connecting flight to the final 
destination. Two loading and unloading procedures were included in the analysis of each air 
shipment; i.e., loading the flight at the Tri-Cities Airport and an unloading/loading cycle at 
the air carriers hub, and unloading at the destination airport. The sum of these two 
procedures was modeled in RAD TRAN 4 as one handling. 

Airport handler exposures were modeled in two ways, depending on the size of the 
package. For small packages (maximum dimension less than 0.5 meter [1.6 ft]), the dose to 
workers is modeled as 2.5E-4 rem/handling/TI (Neuhauser and Kanipe 1995). Otherwise, 
the RADTRAN 4 calculations were performed by multiplying together the radiation dose · 
rate, number of handlers, and length of exposure. In addition to the loading and unloading 

· of aircraft, transit of the package through the airports was modeled as a stop that exposes 
1000 persons at an average exposure distance of 50 meters (164 ft). 

Radiation exposures to air crews are calculated by RADTRAN using a simple model that 
uses an average exposure distance and number of exposed persons. The integrated crew 
exposure is calculated as the product of the dose rate at a specific distance from the source, 
the number of crew aboard the aircraft, and the transit time. The doses to aircraft 
passengers and flight attendants are calculated using an empirical value of 3E-05 rem/hr/TI1 

(Neuhauser and Kanipe .1995). The integrated exposures are the product of the number of 

. 1 TI ~ Transport Index: defined as the radiation dose rate in mrem/hr at 1 m 
from package surf ace. 
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shipments, TI value, number of exposed persons, the empirical TI-to-dose-rate conversion 
factor generated by RADTRAN, and transit time. 

The RADTRAN 4 input parameters used in calculating the routine doses from the air 
transport legs of the isotope shipments are presented in Table 14. The sources of the input 
data are also shown in the Table. 

4.2.2 Radiological Accidents. 

Potential accident environments are defined and their likelihood of occurrence are 
modeled using an approach that divides the entire spectrum of potential aircraft accident 
environments into six "accident severity" categories. The severity categories are based on 
event trees originally developed for spent fuel shipped by truck and rail (Wilmot, 1981). 
The conditional probabilities of occurrence of each accident severity were developed from 
these data . The overall probability of an accident of a particular severity is calculated as the 
product of the base accident probability (accident rate) and the conditional probability. 
Accident rate data for aircraft accidents are shown in Table 15 . Accident rate data for air 
accidents are taken from Ross (1994) . 

The source term from which members of the public could receive a dose in the event of 
an accident depends on three factors in the event that a package fails · and its protection is 
compromised. Release fractions define the fraction of the package inventory that would be 
released into the environment. Aerosol fraction defines the quantity of released material that 
would be lofted into the plume, and respirable fraction defines the quantity of aerosolized 
material that could be inhaled by human beings. These parameters are quantified for each 
type of radioactive material that would be shipped by air are shown in Table 15. 
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Table 14. RADTRAN 4 Input Parameters for Passenger Air Shipments 

Parameter Value Source 

Population Density, Takeoff and 3861 people per NRC (1977); represents high-density urban 
Landing 1cm2 area 

Population Density, In-flight 719 people per NRC (1977); represents medium-density 
1cm2 suburban area 

Velocity 692 km/hr NRC (1977) and Madsen et al. (1983) 

Crew/flight 3 NRC (1977) and Madsen et al. (1983) 

Crew exposure distance 15.2 m Neuhauser and Kanipe (1995) 

Passengers/flight 78 Not applicable to cargo air shipments 

Stop time 0.00083 hr/km Neuhauser and Kanipe (1995) 

Minimum stop time 1 hr Neuhauser and Kanipe (1995) 

Number of persons exposed at stops 1000 Neuhauser and Kanipe (1995) 

Exposure distance when stopped 50 m Neuhauser and Kanipe (1995) 

Accident rate, Takeoff/landing 6.9E-10/km Ross (1994) 

Accident rate, in-flight 2.8E-06 per flight Ross (1994) 

Transport Index (dose rate at 1 m from see Table 6 Representative dose rate 
side of package) 
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Table 15. RADTRAN Accident Impact Parameters for Air Shipments 

Accident Rate 
- Air Takeoff/Landing 2. 8E-06/flight 
- Air In-flight 6.9E-10/km 

Release 
Probability<•> FractionCb> Aerosol Respirable 

Severity Category Parameters Fraction<c> Fraction<c> 

Category 1. T ; 0 .208 0 1.0 1.0 
I; 0.230 

Category 2. T; 0.504 0 1.0 1.0 
I; 0.130 

Category 3 T; 0 .050 1.0 1.0 1.0 
I; 0.385 

Category 4. T; 0.060 1.0 1.0 1.0 
I; 0.014 

Category 5. T; 0 .128 1.0 1.0 1.0 
I; 0.217 

Category 6. T; 0.014 1.0 1.0 1.0 
I; 0.024 

a Conditional robabiht of encounterin accident environment e mvalent to Cate o 1 im act and thermal ( ) p y g q gry p 
environments. Given for in-flight (I) and Take-off/landing (T) portions of air trip . 

(b) Release fractions are the fraction of the package inventory release from the package and are given for Type 
A and Type B packages for each severity category. 

(c) Aerosol and respirable fractions are the fractions of the released material that are in aerosol and respirable 
form, respectively, and are given separately for releases from packages for each severity category. 
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5.0 RESULTS OF THE TRANSPORTATION IMPACT ANALYSIS 

This section pr_esents the results of the transportation impact analysis. The impacts have 
been calculated for each isotope, based on future market demand and the number of 
irradiation cycles required to meet this demand (i.e., one shipment for each irradiation 
cycle) . It was also assumed, based on the waste volume estimates, that 2 liquid waste and 35 
solid waste shipments will be performed annually . 

Section 5 .1 presents the results of the radiological and nonradiological transportation 
accident impact analysis and Section 5.2 presents the results of the routine or incident free, 
including radiological and nonradiological impacts, transportation impact analysis . 

5.1 RADIOLOGICAL AND NONRADIOLOGICAL TRANSPORTATION ACCIDENT 
IMPACT ANALYSIS 

5.1.1 Radiological Impacts due to Transportation Accidents 

This section describes the results of the radiological impact analysis for the public and the 
maximum individuals from transportation accidents. Truck accident impacts are presented in 
Section 5 .1.1.1 and air transportation impacts are presented in Section 5 .1.1. 2. 

- 5.1.1.1 Radiological Impacts due to Truck Transportation Accidents. Tables 16 
through 20 presents the radiological accident impacts calculated in this study. Table 16 
presents the radiological impacts of shipping irradiated targets from FFTF to the 325 
Building, shipping the Ra-226 target from 325 Building to FFTF, and waste shipments from 
the 300 Area to waste handling facilities. Table 17 presents the per-shipment impacts of 
transporting separated medical isotopes from the 325 Building to the Tri-Cities Airport in 
Pasco, WA. Tables 18, 19, and 20 presents the impacts of transporting isotope products 
from the destination airports to the pharmaceutical distributors. 
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Table 16.· Radiological Impacts due to Truck Transportation Accidents during 
Shipping of Irradiated Targets from FFTF to the 325 Building 

Target Isotope 
. Estimated Number Radiological Annual Health Effects 

of Annual Impacts per Radiological (LCFs/year)<•lCbl 
Shipments · ·Shipment Impacts 

(Person-rem/ (Person-rem/Year) 
Shipment) 

Shipments of Irradiated targets from FFTF to PNNL 

Ac-227 1 6 .19E-10 6.19E-10 < lE-10 

Au-198 25 2.52E-13 6.30E-12 < lE-10 

Cd-109 1 9.92E-13 9.92E-13 < lE-10 

Cu-64 25 2.53E-13 6.33E-12 < lE-10 

Cu-67 25 2.51E-13 6.28E-12 < lE-10 

Gd-153 1 3.79E-10 3.79E-10 < lE-10 

Ho-166 25 2.51E-13 6 .28E-12 < lE-10 

1-125 1 l.15E-12 l.15E-12 < lE-10 

1-131 10 2.66E-13 2.66E-12 < lE-10 

Ir-192 1 2.44E-10 2.44E-10 <lE-10 

Lu-177 10 2.51E-13 2.51E-12 < lE-10 

Mo-99 25 2.87E-13 7.18E-12 <lE-10 

Os-194 1 4.44E-12 4.44E-12 < lE-10 

P-32 5 2.51E-13 l.26E-12 < lE-10 

P-33 3 2.54E-13 6.35E-13 < lE-10 

Pd-103 5 2.55E-13 l.28E-12 < lE-10 

Pt-195m 5 2.51E-13 l.26E-12 < lE-10 

Re-186 10 2.85E-13 2.85E-12 < lE-10 

Sc-47 25 2.51E-13 6 .28E-12 < lE-10 

Se-75 1 2.51E-13 2.51E-13 · < lE-10 

Sm-145 1 2.55E-13 2.55E-13 < lE-10 

Sm-153 25 2.51E-13 6.28E-12 < lE-10 
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Table 16. Radiological Impacts due to Truck Transportation Accidents during 
Shipping of Irradiated Targets from FFTF to the :us RuilrHng 

Target Isotope 
. 

Estimated Number Radiological Annual Health Effects 
of Annual Impacts per Radiological (LCFs/year)<•>(b> 
Shipments Shipment Impacts 

(Person-rem/ (Person-rem/Year) 
Shipment) 

Shipments of Irradiated targets from FFfF to PNNL 

Sn-117m 5 1.22E-12 6. lOE-12 < lE-10 

Sr-85 1 2.53E-13 2.53E-13 < lE-10 

Sr-89 3 2.53E-13 6.33E-13 < lE-10 

Th-228 1 See Ac-227 See Ac-227 See Ac-227 

Th-229 1 See Ac-227 See Ac-227 See Ac-227 

W-1 88 1 1.07E-l 1 1.07E-11 < lE-10 

Xe-127 3 2.51E-13 6.28E-13 < lE-10 

Y-91 1 2.51E-13 2.51E-13 < lE-10 

Shipments from the 300 Area to FFTF and Waste Handling Facilities 

Ra-226 target to 1 5.32E-11 5.32E-11 < lE-10 
FFTF 

Liquid Waste to -2 6.23E-05 l.25E-04 6.23E-08 
200 East Area 

Solid Waste to 200 35 3.57E-16 1.25E-14 < lE-10 
West Area 

a) uuculated usmg t:ie methodology prescribed 10 ICRP ou. 
(b) Accident impacts are less than lE-10 health effects; insignificant contributors to annual and life-cycle 

transportation impacts . 
"Impacts are the result of the release of the medical isotope and other radiological constituents of the 
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Table 17. Radiological Impacts due to Truck Transportation Accidents During Shipping of Isotope 
Products from the 325 Building to Pasco Airport 

Desired Medical Estimated number Radiological Annual Health Effects 
Isotope Being of annual Impacts per Radiological (LCFs/year)<•>!b> 

Shipped' shipments Shipment Impacts 
(person-rem/ (person-rem/year) 
shipment) 

Ac-227 1 l.0lE-01 l.0lE-01 5.06E-05 

Au-198 25 2.llE-07 5.28E-06 2.64E-09 

cct: 109 1 6.79E-05 6.79E-05 3.40E-08 

Cu-64 25 3.03E-09 7.58E-08 < lE-10 

Cu-67 25 2.30E-09 5.75E-08 < lE-10 

Gd-153 1 l .78E-05 l.78E-05 8.90E-09 

Ho-166 25 3.42E-08 8.55E-07 4.28E-10 

I-125 1 1.18E-03 l .18E-03 5.90E-07 

I-131 10 1.55E-06 l.55E-05 7.75E-09 

Ir-192 1 3.78E-07 3.78E-07 1.89E-10 

Lu-177 10 8.21E-09 8.21E-08 < lE-10 

Mo-99 25 6.15E-06 l .54E-04 7.69E-08 

Os-194 1 2.09E-06 2.09E-06 l .05E-09 

P-32 5 4.46E-08 2.23E-07 l.12E-10 

P-33 3 4.03E-07 1.0lE-06 5.04E-10 

Pd-103 5 4.29E-07 2.15E-06 1.07E-09 

Pt-195m 5 2.92E-08 1.46E-07 < lE-10 

Re-186 10 4.90E-06 4.90E-05 2.45E-08 

·Sc-47 25 l .52E-08 3.80E-07 l.90E-10 

Se-75 1 9.86E-08 9.86E-08 < lE-10 

Sm-145 1 6. l lE-07 6. l lE-07 3.06E-10 

Sm-153 25 3.64E-08 9. lOE-07 4.55E-10 

Sn-117m 5 5.78E-08 2.89E-07 1.45E-10 
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Table 17. Radiological Impacts due to Truck Transportation Accidents During Shipping of Isotope 
Products from the 325 Building to Pasco Airport 

Desired Medical Estimated number Radiological Annual Health Effects 
Isotope Being of annual Impacts per Radiological (LCFs/year)<•>Cb> 

Shipped• shipments Shipment Impacts 
(person-rem/ (person-rem/year) 
shipment) 

Sr-85 1 2.58E-07 2.58E-07 1.29E-10 

Sr-89 3 4.45E-07 1.llE-06 5.56E-10 

Th-228 1 1.30E-02 l.30E-02 6.50£-06 

Th-229 1 See Th-228 See Th-228 See Th-228 

W-188 1 l.27E-04 · l.27E-04 6.35E-08 

Xe-127 3 5.90E-07 1.48E-06 7.38£-10 

Y-91 1 1.64£-07 1.64£-07 < IE-10 

a) Calculated usmg the methodology prescnbec1 m lCKP 6U. 
(b) Accident impacts are less than IE-10 health effects; insignificant contributors to annual and life-cycle 

transportation impacts. 
"Impacts are the result of the release of the medical isotope and radiological impurities. 
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Table 18. Radiological Impacts due to Truck Transportation Accidents during Shipping Medical 
Isotopes from Boston, Ma. Airport to Dupont-Merck 

Isotope Product• Estimated Radiological Annu~l Health Effects 
Number of Impacts per Radiological (LCFs/year)<•J 

Annual Shipments Shipment Impacts 
(person-rem/ (person-rem/year) 
shipment) 

Ac-227 1 5.67E-01 5.67£-01 2.83£-04 

Au-198 25 l .18E-06 2.95E-05 l.48E-08 

Cd-109 1 3 .81E-04 3.81E-04 1.91E-07 

Cu-64 25 1.70E-08 4.25E-07 2.13E-10 
.. 

Cu-67 · 25 l.29E~os 3.23£-07 l.61E-10 

Gd-153 1 9.96E-05 9.96E-05 4.98E-08 

Ho-166 25 l.91E-07 4.78E-06 2.39E-09 

1-125 1 6.59E-03 6.59E-03 3.30E-06 

1-131 10 8.44£-06 8.44E-05 4.22E-08 

lr-192 1 2.12E-06 2.12E-06 1.06E-09 

Lu-177 10 4.60E-08 4.60E-07 2.30E-10 

Mo-99 25 3.45E-05 8.63E-04 4.31E-07 

Os-194 1 l.17E-05 l. l 7E-05 5.85E-09 

P-32 5 2.50E-07 1.25E-06 6.25E-10 

P-33 3 .2.26E-06 5.65E-06 2.83E-09 

Pd-103 5 2.41E-06 1.21E-05 6.03E-09 

Pt-195m 5 l.64E-07 8.20E-07 4.l0E-10 

Re-186 10 2.75E-05 2.75E-04 l .38E-07 

Sc-47 25 8.53E-08 2.13E-06 l .07E-09 

Se-75 1 5.53E-07 5.53E-07 2.77E-10 

Sm-.145 1 3.43E-06 3.43E-06 1.72E-09 

Sm-153 25 2.04E-07 5.lOE-06 2.55E-09 

Sn-117m 5 3.24E-07 1.62E-06 8.lOE-10 
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Table 18. Radiological Impacts due to Truck Transportation Accidents during Shipping Medical 
Isotopes from Boston, Ma. Airport to Dupont-Merck 

Isotope Product• Estimated Radiological Annual Health Effects 
Nµmber of Impacts per Radiological (LCFs/year)<•> 

Annual Shipments Shipment Impacts 
(person-rem/ (person-rem/year) 
shipment) 

Sr-85 1 l .04E-06 l.04E-06 5.20E-10 

Sr-89 3 1.80E-06 4.50E-06 2.25E-09 

Th-228 l 7.27E-02 7.27E-02 3.64E-05 

To-229 1 See Th-228 See Th-228 See To-228 

W-188 1 7.17E-04 7.17E-04 3.59E-07 

Xe-127 3 3.31E-06 8.28E-06 4.14E-09 

Y-91 1 6.61E-07 6.61E-07 3.31E-10 

a) Calculated usrng the methodology prescnbed rn ICRP t>U. 
"Impacts are the result of the release of the medical isotope and radiological impurities. 
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Table 19. Radiological Impacts due to Truck Transportation Impacts during Shipping Medical Isotopes 
from Chicago, II. Airport to Amersham Mediphysics . 

Isotope 
. 

Estimated Number Radiological Annual Health Effects 
of Annual Impacts per Radiological (LCFs/year)<•> 
Shipments . Shipment Impacts 

(person-rem/ (person-rem/year) 
shipment) 

Ac-227 1 9.96E-01 9.96E-01 4.98E-04 

Au-198 25 2.09E-06 5.23E-05 2.61E-08 

Cd-109 1 6.85E-04 6.85E-04 3.43E-07 

Cu-64 25 2.98E-08 7.45E-07 3.73E-10 

Cu-67 25 2.27E-08 5.68E-07 2.84E-10 

Gd-153 1 1.80E-04 1.80E-04 9.00E-08 

Ho-166 25 3.37E-07 8.43E-06 4.21E-09 

I-125 1 1.70E-02 1.70E-02 8.50E-06 

1-131 10 1.51E-05 1.51E-04 7.55E-08 

Ir-192 1 3:79E-06 3.79E-06 l.90E-09 

Lu-177 10 8.17E-08 8.17E-07 4.09E-10 

Mo-99 25 6.1 lE-05 l .53E-03 7.64E-07 

Os-194 1 2.08E-05 2.08E-05 1.04E-08 

P-32 5 4.39E-07 2.20E-06 l.lOE-09 

P-33 3 4.06E-06 l.02E-05 5.08E-09 

Pd-103 5 4.42E-06 2.21E-05 l .1 lE-08 

Pt-195m 5 2.89E-07 1.45E-06 7.23E-10 

Re-186 10 4.88E-05 4.88E-04 7.44E-07 

Sc-47 25 1.51E-07 3.78E-06 1.89E-09 

Se-7-5 1 9.86E-07 9.86E-07 4 .93E-10 

Sm-145 1 6.13E-06 6.13E-06 3.07E-09 

Sm-153 25 3.60E-07 9.00E-06 4.50E-09 

Sn-117m 5 5.79E-07 2.90E-06 1.45E-09 
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Table 19. Radiological Impacts due to Truck Transportation Impacts during Shipping Medical Isotopes 
from Chicago, 11. Airport to Amersham Mediphysics 

Isotope 
. 

Estimated Number Radiological Annual Health Effects 
of Annual Impacts per Radiological (LCFs/year)<•> 

_ . Shipments .Shipment Impacts 
(person-rem/ (person-rem/year) 
shipment) 

Sr-85 1 2.59E-06 2.59E-06 1.30E-09 

Sr-89 3 4.39E-06 1. I0E-05 5.49E-09 

Th-228 1 1.28E-01 1.28E-01 6.40E-05 

Th-229 1 See Th-228 See Th-228 See Th-228 

W-188 1 1.35E-03 1.35E-03 6.75E-07 

Xe-127 3 5.94E-06 1.49E-05 7.43E-09 

Y-91 1 l.62E-06 l.62E-06 8.IOE-10 

(a) Calculated usmg ttle methodology prescnoed m ICRP 60. 
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Table 20. Radiological Impacts due to Truck Transportation Impacts during Shipping Medical Isotopes 
from St. Louis , Mo. to Malinckrodt 

Isotope 
. 

Estimated Number Radiological Annual Health Effects 
of Annual Impacts per Radiological (LCFs/year)<•>Cbl 
Shipments · .Shipment Impacts 

(person-rem/ (person-rem/year) 
shipment) 

Ac-227 1 3.36E-0l 3.36E-0l l .68E-04 

Au-198 25 7.04E-07 1.76E-05 8.80E-09 

Cd-109 1 2.28E-04 2.28E-04 l.14E-07 

Cu-64 25 l.0lE-08 2.53E-07 l.26E~l0 

Cu-67 25 7.67E-09 l.92E-07 < lE-10 

Gd-153 1 5.98E-05 5.98E-05 2.99E-08 

Ho-166 25 l.14E-07 2.85E-06 1.43E-09 

1-125 1 3.92E-03 3.92E-03 l.96E-06 

1-131 10 5.04E-06 5.04E-05 2.52E-08 

lr-192 1 1.27E-06 l.27E-06 6.35E-10 

Lu-177 10 2.74E-08 2.74E-07 1.37E-10 

Mo-99 25 2.05E-05 5.13E-04 2.56E-07 

Os-194 1 6.97E-06 6.97E-06 3.49E-09 

P-32 5 1.48E-07 7.40E-07 3.70E-10 

P-33 3 l.35E-06 3.38E-06 l.69E-09 

Pd-103 5 1.46E-06 7.30E-Q6 3.65E-09 

Pt-195m 5 9.73E-08 4 .87E-07 2.43E-10 

Re-186 10 1.64E-05 1.64E-04 8.20E-08 

Sc-47 25 5.07E-08 l.27E-06 6.34E-10 

Se-75 1 3.30E-07 3.30E-07 l.65E-10 

Sm-145 1 2.05E-06 2.05E-06 1.03E-09 

Sm-153 25 l.21E-07 3.03E-06 l.51E-09 

Sn-117m 5 l.94E-07 9.70E-07 4.85E-10 
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Table 20. Radiological Impacts due to Truck Transportation Impacts during Shipping Medical Isotopes 
from St. Louis, Mo. to Malinckrodt 

Isotope 
. 

Estimated Number Radiological Annual Health Effects 
of Annual Impacts per Radiological (LCFs/year)<•><b> 

.. Shipments · Shipment Impacts 
(person-rem/ (person-rem/year) 
shipment) 

Sr-85 1 8.66E-07 8.66E-07 4.33E-10 

Sr-89 3 1.48E-06 3.70E-06 1.85E-09 

Th-228 1 4.31E-02 4.31E-02 2.16E-05 

Th-229 1 See Th-228 See Th-228 See Th-228 

W-188 1 4.38E-04 4.38E-04 2.19E-07 

Xe-127 3 l .98E-06 4.95E-06 2.48E-09 

Y-91 1 5.44E-07 5.44E-07 2.72E-10 

a) Calculated usmg t tie methodology prescnoed m ICRP <>U 
(b) Accident impacts are less than lE-10 health effects; insignificant contributors to annual and life-cycle 

transportation impacts. 
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5.1.1.2 Radiological Impacts due to Air Transportation Accidents. The per-shipment 
impacts from air transportation accidents are presented in Tables 21, 22, and 23. These 
tables present the results in units of person-rem/shipment, person-rem/year and latent health 
effects/year. The latent health effects per were calculated by multiplying the radiation 
exposures in person-rem by a conversion factor (5 x 10-04 latent health effects per person
rem) taken from ICRP 60. 

Table 21. Impacts from Air Transportation Accidents for Shipments from Pasco, Wa 
to Boston, Ma . 

Isotope . Number of Radiological Annual · Health Effects 
Shipments per impacts per Radiological (LCFs/year)<•>!b> 

Year shipment Impacts 
(person-rem/ (person-rem/year) 
shipment) 

Ac-227 1 2.88E+0l 2.88E+0l 1.44E-02 

Au-198 25 3.37E-07 8.42E-06 4.21E-09 

Cd-109 1 l.08E-04 . l.08E-04 5.38E-08 

Cu-64 25 5.35E-09 l .34E-07 < lE-10 

Cu-67 25 3.66E-09 9.16E-08 < lE-10 

Gd-153 1 2.81E-05 2.81E-05 1.40E-08 · 

Ho-166 25 5.44E-08 l.36E-06 6.79E-10 

1-125 1 l .88E-03 . l .88E-03 9.38E-07 

1-131 10 8.98E-05 8.98E-04 4.49E-07 

lr-192 1 6.00E-07 6.00E-07 3.00E-10 

Lu-177 10 l.30E-08 l.30E-07 < lE-10 

Mo-99 25 9.25E-06 2.31E-04 l.16E-07 

Os-194 1 3.31E-06 3.31E-06 l.65E-09 

P-32 5 7.l0E-08 3.55E-07 l.78E-10 

P-33 3 6.38E-07 l.60E-06 7 .98E-.10 

Pd-103 5 6.76E-07 3.38E-06 l.69E-09 

Pt-195m 5 4.65E-08 2.33E-07 l.16E-10 

Re-186 10 7.78E-06 7.78E-05 3.89E-08 
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Table 21. Impacts from Air Transportation Accidents for Shipments from Pasco, Wa 
to Boston, Ma . 

Isotope 
. Number of Radiological Annual Health Effects 

Shipments per impacts per Radiological (LCFs/year)<•>!b> 
Year shipment Impacts 

(person-rem/ (person-rem/year) 
shipment) 

Sc--47 25 2.42E-08 6.06E-07 3.03E-10 

Se-75 1 l.57E-07 1.57E-07 < lE-10 

Sm-145 1 9.69E-07 9.69E-07 4.84E-10 

Sm-153 25 5.79E-08 1.45E-06 7.24E-10 

Sn-117m 5 9.17E-08 4.59E-07 2.29E-10 

Sr-85 1 4.09E-07 4.09E-07 2.05E-10 

Sr-89 3 7.09E-07 l .77E-06 8.86E-10 

Th-228 1 7 .83E-01 7.83E-01 3.91E-04 

Th-229 1 See Th-228 See Th-228 See Th-228 

W-188 1 1.99E-04 l.99E-04 9.97E-08 

Xe-127 3 9.35E-07 2.34E-06 l.17E-09 

Y-91 1 2.60E-07 2.60E-07 l.30E-10 

(a) Calculated usin the methodolo g gyp rescnbed in ICRP 60. 
(b) Accident impacts are less than lE-10 health effects; insignificant contributors to annual and life-cycle 

fransponation impacts. 
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Table 22. Impacts from Air Transportation Accidents for Shipments from Pasco, Wa to Chicago, II. 

Isotope Number ot' Radiological Annual Health Effects 
shipments per Impacts per · Radiological (LCFs/year)<•>Cb> 

year Shipment Impacts 
(person-rem/ (person-rem/year) . 
shipment) 

Ac-227 1 l.95E+0l l.95E+0l 9.77E-03 

Au-198 25 2.28E-07 5.70E-06 2.85E-09 

Cd-109 1 7.28E-05 7.28E-05 3.64E-08 

Cu-64 25 3.62E-09 9.05E-08 < lE-10 

Cu-67 25 2.48E-09 6.20E-08 < lE-10 

Gd-153 1 l.90E-05 l.90E-05 9.50E-09 

Ho-166 25 3.68E-08 9 .20E-07 4.60E-10 

1-125 1 1.27E-03 1.27E-03 6.35E-07 

1-131 10 6.08E-05 6.08E-04 3.04E-07 

lr-192 1 4.06E-07 4.06E-07 2.03E-10 

Lu-177 10 8.82E-09 8.82E-08 < lE-10 

Mo-99 25 6.26E-06 1.57E-04 7.83E-08 

Os-194 1 2.24E-06 2.24E-06 l .12E-09 

P-32 5 4.81E-08 2.41E-07 l.20E-10 

P-33 3 4.32E-07 l.08E-06 5.40E-10 

Pd-103 5 4.58E-07 2 .29E-06 l.15E-09 

Pt-195m 5 3.15E-08 l .58E-07 < lE-10 

Re-186 10 5.27E-06 5 .27E-05 2.64E-08 

Sc-47 25 l.64E-08 4 . lOE-07 2 .05E-10 

Se-75 1 l.06E-07 1.06E-07 < lE-10 

Sm-145 1 6.56E-07 6.56E-07 3.28E-10 

Sm-153 25 3.92E-08 9.80E-07 4 .90E-10 -
Sn-117m 5 6.21E-08 3.1 lE-07 l.55E-10 

Sr-85 1 2 .77E-07 2.77E-07 l.39E-10 
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Table 22. Impacts from Air Transportation Accidents for Shipments from Pasco, Wa to Chicago, Il. 

Sr-89 3 4.80E-07 l.20E-06 6.00E-10 

Th-228 1 5.30E-01 5.30E-01 2.65E-04 

Th-229 1 See Th-228 See Th-228 See Th-228 

W-188 1 l.35E-04 l.35E-04 6.75E-08 

Xe-127 3 6.33E-07 1.58E-06 7 .91E-10 

Y-91 1 l.76E-07 1.76E-07 < lE-10 

a Calculated usm the methodolo ( ) g gyp rescn bed m ICRP bU. 

(b) Accident impacts are less than lE-10 health effects; insignificant contributors to annual and life-cycle 
transportation impacts. 
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Table 23. Impacts from Air Transportation Accidents for Shipments from Pasco, Wa to St. Louis, Mo. 

Isotope NumLcr of Ratlioiogical Annual Health Effeds 
Shipments per Impacts per Radiological (LCFs/year)<•lCbl 

Year Shipment Impacts 
(person-rem/ (person-rem/year) 
shipment) 

Ac-227 1 l .84E+0l l.84E+0l 9.21E-03 

Au-198 25 2.15E-07 5 .38E-06 2.69E-09 

Cd-109 1 6.87E-05 6 .87E-05 3.43E-08 

Cu-64 25 3.41E-09 8.53E-08 < lE-10 

Cu-67 25 2.34E-09 5.85E-08 < lE-10 

Gd-153 1 l .79E-05 l.79E-05 8.96E-09 

Ho-166 25 3.47E-08 8.68E-07 4.34E-10 

1-125 1 l.20E-03 l.20E-03 5.99E-07 

1-131 10 5.73E-05 5.73E-04 2.87E-07 

lr-192 1 3.83E-07 3.83E-07 l.91E-10 

Lu-177 10 8.32E-09 8.32E-08 < lE-10 

Mo-99 25 5.90E-06 l.48E-04 7.38E-08 

Os-194 1 2. llE-06 2.1 lE-06 l.06E-09 

P-32 5 4.54E-08 2.27E-07 · l.13E-10 

P-33 3 4.0?E-07 l.02E-06 5.09E-10 

Pd-103 5 4.32E-07 2.16E-06 1.0SE-09 

Pt-195m 5 2.97E-08 1.49E-07 < lE-10 

Re-186 10 4.97E-06 4 .97E-05 2.48E-08 

Sc-47 25 l.55E-08 3.87E-07 l.93E-10 

Se-75 1 l.00E-07 l.00E-07 < lE-10 

Sm-145 1 6.19E-07 6.19E-07 3.09E~10 

Sm-153 25 3.?0E-08 9.24E-07 4.62E-10 

Sn-117m 5 5.86E-08 2.93E-07 l.46E-10 

Sr-85 1 2.61E-07 2.61E-07 l.31E-10 
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Table 23. Impacts from Air Transportation Accidents for Shipments from Pasco, Wa to St. Louis, Mo. 

Isotope Number of Radiological Annual Health Effects 
Shipments per Impacts per Radiological (LCFs/year)<•l!bl 

Year Shipment Impacts 
(person-rem/ (person-rem/year) 
shipment) 

Sr-89 3 4.53E-07 l.13E-06 5.66E-10 

Th-228 I 5.00E-01 5.00E-01 2.S0E-04 

Th-229 I See Th-228 See Th-228 See Th-228 

W-188 I l .27E-04 l.27E-04 6.37E-08 

Xe-127 3 5.97E-07 l .49E-06 7.46E-10 

Y-91 1 · l .66E-07 l.66E-07 < lE-10 

a) Calculated usm the methodolo ( g gyp rescribed m ICRP 60. 
(b) Accident impacts are less than lE-10 health effects; insignificant contributors to annual and life-cycle 

transportation impacts . 

5.1.1.3 Radiological Impacts to Maximum-Exposed Individuals. Radiological doses were ) 
calculated for maximum-exposed individuals for a severe transportation accident that may 
occur at or near the 325 Building. This includes a maximum onsite individual and a 
maximum off site individual located at the site boundary. For this bounding analysis it was 
assumed that all of the maximum individuals were · 1ocated to the east-south-east of the release 
which, in general, is the direction in which maximum consequences are obtained. 

Credible accidents are typically defined as those having a frequency greater than or equal 
to once per million years. This analysis evaluated the maximum individual doses that would 
result from a release of the worst-case (highest dose producing) isotope shipment. The worst 
case isotope shipment, based on the results of the RAPTRAN accident risk calculations (see 
Tables 17, 18, and 19), was determined to be Ac-227 (including Th-227, Th-228 , and Th-
229). 

Radiological accident impacts to the maximum offsite and onsite individual and the 
maximum individual were calculated using GENII (Napier et al. 1988). The results of the 
radiological dose calculations for the maximum individuals are presented in Table 24 . . These 
values can be used to assess the maximum individual exposures from the maximum credible 
transportation accident. 
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Table 24. Dose to Maximally Exposed Individuals 

Maximum Distance from Total .Effective 
Individual Release<a> Dose Equivalent 

(rem) 

Onsite 100 m 1184 

Offsite 580 m 138 

(a) Distances to maximally exposed mdividuals taken rom the 25 Building 
Safety Analysis Report (PNNL 1996). 

5.1.1.4 Summary of Transportation Accident Radiological Impacts. The transportation 
accident radiological impacts for the production, separation, and distribution of an isotope is 
the summation of the truck arid air transportation accident impacts. The results are presented 
in Table 25. 

Table 25 Summary of Transportation Accident Impacts<a>Cb> 

Isotope Number of Annual Summary of Impacts from Irradiated Target and Isotope 
Shipments Product Shipments to Pharmaceutical Distributors 

DuPont Amersham Malinckrodt 

Health Effects Health Effects Health Effects 
(LCFs/year)<c> (LCFs/year)<cl (LCFs/year)<c> 

Ac-227 <d> 1 1.5E-02 1.0E-02 9.4E-03 · 

Au-198 25 2.2E-08 3.2E-08 1.4E-08 

Cd-109 1 2.8E-07 4. lE-07 1.8E-07 

Cu-64 25 3.2E-10 4.6E-10 2. lE-10 

Cu-67 25 2.4E: 10 3.4E-10 1.5E-10 

Gd-153 1 7.3E-08 1. lE-07 4.8E-08 

Ho-166 25 1.lE-04 5. lE-09 2.3E-09 

1-125 1 4.8E-06 9 .7E-06 3.lE-06 

1-131 10 5.0E-07 3.9E-07 3.2E-07 

lr-192 1 l .5E-09 2.3E-09 1.0E-09 

Lu-177 10 3.4E-10 4.9E-10 2.2E-10 
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Isotope 

Mo-99 

Os-194 

P-32 

P-33 

Pd-103 

Pt-195m 

Re-186 

Sc-47 

Se-75 

Sm-145 

Sm-153 

Sn-117m 

Sr-85 

Sr-89 

Th-228 

Th-229 

W-188. 

Xe-127 

Y-91 
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Table 25 Summary of Transportation Accident Impacts<a>(b> 

Number of Annual Summary 01' lmpacts from 1rradiated Target and Isotope 
Shipments Product Shipments to Pha~aceutical Distributors 

DuPont Amersham Malinckrodt 

Health Effects Health Effects Health Effects 
(LCFs/year)<c> (LCFs/year)<cl (LCFs/year)<c> 

25 6.2E-07 9.2E-07 4.lE-07 

1 8.5E-09 1.3E-08 5.6E-09 

5 9. lE-10 l .3E-09 5.9E-10 

3 4. lE-09 6.lE-09 2.7E-09 

5 8.SE-09 1.3E-08 5.SE-09 

5 6.0E-10 8.7E-10 3.9E-10 

10 2.0E-07 2.9E-07 l.3E-07 

25 1.6E-09 2.3E-09 l .0E-09 

1 4.0E-10 6.0E-10 2.6E-10 

J 2.5E-09 3.7E-09 1.6E-09 

25 3.7E-09 5.4E-09 2.4E-09 

5 1.2E-09 1.7E-09 7.8E-10 

1 8.5E-10 1.6E-09 6.9E-10 

3 3.7E-09 6.6E-09 3.0E-09 

1 4.3E-04 3.4E-04 2.8E-04 

1 See Th-228 See Th-228 See Th-228 

1 5.2E-07 8. lE-07 3.5E-07 

3 6.0E-09 9.0E-09 4.0E-09 

1 5.4E-10 9.8E-10 4.4E-10 

a See Tables 16. throu :h 23 for rad1olo 1ca 1m acts. () g g p . 
(b) Transportation accident impacts for liquid or solid waste are less than 7 .0E-08 LCFs/year (see Table 16) 
(c) Calculated using the methodology prescribed in ICRP 60. 
(d) Includes impacts associated with shipments of Ra-226 targets from PNNL to FFTF. 

66 



HNF-1844, Rev. 0 

5.1.1.5 Non-Radiological Impacts due to Transportation Accidents. This section 
describes the analyses of impacts to the public and Hanford Site workers from 
nonradiological accidents . 

The non-radiological impacts associated with the transportation of the isotope target 
material, irradiated targets, and separated isotopes are assumed to be comparable to the 
impacts associated with general transportation activities in the United States. The fatalities 
are due to vehicular impacts with solid objects, rollovers, or collisions. Results are obtained 
for each alternative by multiplying the unit risk factors by the appropriate total shipping 
distances for each alternative . The results of this analysis are shown in Table 26 for all 
materials shipped and destination. 

Table 26. Nonradiological Impacts due to Transportation Accidents 

Transportation segment Estimated fatalities/ 
year 

Target material from ORNL to the 300 Area<al(bl l.8E-03 

Unirradiated targets from the 300 Area to the FFTPcl 3.6E-04 

Irradiated targets from FFTF to 325 Building<cl 3.6E-04 

Isotope product from 325 Building to Pasco Airport<cl 2.2E-04 

Isotope products from destination Airport to 3.2E-04 
Distributor (maximum consequence) <al(cl(dl 

Solid and Liquid waste from 300 Area to 200 East Area l.7E-04 

Total 3.2E-03 
Calculated 1m acts are for one wa (a) p y distances . Dnvers are assumed to return to 
ORNL area with non-related cargo. Other legs are for round-trip shipments, 
including loaded shipments and empty return shipments. 

(b) Annual target material demand for each isotope is shipped on one truck, 29 shipments 
per year (e.g ., annual requirements for 25 Sm-153 targets are shipped on the same 
truck) . 

(c) 246 shipments per year based on the number of irradiation cycles 
(d) Shipments from Boston Airport to Du-Pont (2.9E-04 fatalities) 

Shipments from Chicago Airport to Amersham (3 .2E-04 fatalities) 
Shipments from St. Louis Airport to Malinckrodt (l.0E-04 fatalities) 
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5.2 RADIOLOGICAL AND NONRADIOLOGICAL IMPACTS DUE TO ROUTINE 
OR INCIDENT-FREE TRANSPORTATION ACTIVITIES 

5.2.1 Radiological Impacts Due to Routine or Incident-free Transportation Activities 

The radiological doses to the truck crew, air crew, onsite worker, and the public due to 
transportation activities were calculated using RADTRAN 4 (see Sections 1 and 4). 
RADTRAN 4 uses a combination of meteorological, demographic, health physics, 
transportation, packaging, and material factors to analyze the radiological exposures from 
incident-free transport activities. The calculated dose to the truck and air crew, and the 
public were calculated for one shipment of each isotope. 

5.2.1.1 Radiological Impacts Due to Routine or Incident-free Truck Transportation 
Activities . . The potential routine radiological impacts were estimated for truck shipments of 
irradiated target materials from the 325 Building to FFTF (i.e., Ra-226), irradiated targets 
from FFTF to the 325 Building, and separated isotopes from the 325 Building to the 
distributors. There are no radiological impacts associated with transport of the target 
materials from ORNL to PNNL. It is also assumed that there are no radiological impacts 
associated with the return shipment of the empty shipping cask from the 325 Building to 
FFTF. 

The potential radiological impacts involve in-transit doses to the public or where 
appropriate Hanford Site workers from radiation emitted from the shipping cask and doses to 
the transport workers in the vicinity of the shipment during cask handling activities, e.g., 
loading or unloading the cask on or off the truck trailer. In-transit doses were estimated for 
the truck drivers, as well as the general public, including persons at truck stops, persons 
living or working adjacent to the transport route, and nearby travelers (moving in the same 
and opposite directions). Tables 27 through 31 provides summaries of the annual radiological 
impacts for shipments to each pharmaceutical distributor. Table 27 presents the results for 
the irradiated target shipments from FFTF to the 325 Building and shipments from the 325 
Building to FFTF (Ra-226 target) and the waste handling facilities, Table 28 for truck 
shipments from the 325 Building to the Tri-Cities Airport, and Tables 29, 30, and 31 
provides the results for the truck shipments from the destination airport to the pharmaceutical 
distributors. 
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Table 27. Routine Radiological Impacts for Truck Shipments of Irradiated 
Targets from FFTF to the 325 Building 

Isotope/ Estimated Radiological Impacts Annual Radiological Annual Health Effects 
Material Number per Shipment Impacts 

Annual 
Shipments Crew Public Crew Public Crew Public 

(person- (person- (person- (person- (LCFs/ (LCFs/ 
rem/ rem/ rem/ year) rem/ year) year)(a)(b) year)(a)(b) 

shipment) shipment) 

Shipments of Irradiated Targets from FFTF to PNNL 

Ac-227 1 l .63E-06 7.85E-08 l.63E-06 7.85E-08 6.51E-10 < lE-10 

Au-198 25 l.63E-06 7.85E-08 4.07E-05 l.96E-06 l .63E-08 9.82E-10 

Cd-109 1 l.90E-06 9.19E-08 l .90E-06 9.19E-08 7.62E-10 < lE-10 

Cu-64 25 2.51E-06 l.21E-07 6.27E-05 3.02E-06 2.51E-08 l.51E-09 

Cu-67 25 2.51E-06 l.21E-07 6.27E-05 3.02E-06 2.51E-08 l.51E-09 

Gd-153 1 1.28E-04 6.19E-06 l.28E-04 6.19E-06 5.13E-08 3.09E-09 

Ho-166 25 l.64E-06 7.90E-08 4.lOE-05 l.98E-06 l.64E-08 9.88E-10 

1-125 1 l.69E-06 8.14E-08 l .69E-06 8.14E-08 6.75E-10 < lE-10 

1-131 10 1.72E-06 8.28E-08 l.72E-05 8.28E-07 6.87E-09 4 .14E-10 

lr-192 1 l.69E-06 8.14E-08 l.69E-06 8.14E-08 6.75E-10 < lE-10 

Lu-177 10 l.63E-06 7.85E-08 l.63E-05 7.85E-07 6.51E-09 3.93E-10 

Mo-99 25 l.66E-06 8.00E-08 4.15E-05 2.00E-06 1.66E-08 l.00E-09 

Os-194 1 l.63E-06 7.85E-08 l .63E-06 7.85E-08 6.51E-10 < lE-10 

P-32 5 2.51E-06 l.21E-07 l.25E-05 6.0SE-07 5.0lE-09 3.02E-10 

P-33 3 2.51E-06 l.21E-07 6.27E-06 3.02E-07 2.51E-09 l.51E-10 

Pd-103 5 2.51E-06 l.21E-07 l .25E-05 6.0SE-07 5.0lE-09 3.02E-10 

Pt-195m 5 l.63E-06 7.85E-08 8.14E-06 3.93E-07 3.26E-09 l.96E-10 

Re-186 10 l.63E-06 7.85E-08 l .63E-05 7.85E-07 6.51E-09 3.93E-10 

Sc-47 25 2.51E-06 l.21E-07 6.27E-05 3.02E-06 2.51E-08 l.51E-09 

Se-75 1 1.63E-06 7.85E-08 l.63E-06 7.85E-08 6.51E-10 < lE-10 

Sm-145 1 l.63E-06 7.85E-08 l.63E-06 7.85E-08 6.51E-10 < lE-10 
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Table 27. Routine Radiological Impacts for Truck Shipments of Irradiated 
Targets from FFTF to the 325 Building 

Isotope/ Estimated Radiological Impacts Annual Radiological Annual Health Effects 
Material Number per Shipment Impacts 

Annual 
Shipments Crew Public Crew Public Crew Public 

(person- (person- (person- (person- (LCFs/ (LCFs/ 
rem/ rem/ rem/ year) rem/ year) year)(a)(b) year)(a)(b) 

shipment) shipment) 

Shipments of Irradiated Targets from FFTF to PNNL 

Sm-153 25 1.63E-06 7.85E-08 4.07E-05 l.96E-06 1.63E-08 9.82E-10 

Sn-117m 5 2.51E-06 l.21E-07 1.25E-05 6.05E-07 5.0lE-09 3.02E-10 

Sr-85 1 2.51E-06 l.21E-07 2.51E-06 1.21E-07 1.00E-09 < lE-10 

Sr-89 3 2.51E-06 1.21E-07 6.27E-06 3.02E-07 2.51E-09 1.51E-10 

Th-228 1 See See See See See See 
AC-227 AC-227 AC-227 AC-227 AC-227 AC-227 

Th-229 1 See See See See See See 
AC-227 AC-227 AC-227 AC-227 AC-227 AC-227 

W-188 1 l.72E-06 8.28E-08 1.72E-06 8.28E-08 6.87E-10 < lE-10 

Xe-127 3 2.51E-06 1.21E-07 6.27E-06 3.02E-07 2.51E-09 i.'51E-10 

Y-91 1 2.51E-06 1.21E-07 2.51E-06 1.21E-07 l.O0E-09 < lE-10 

Shipments from PNNL to FFTF and Waste Handling Facilities 

Ra-226 1 5.71E-22 2.76E-23 5.71E-22 2.76E-23 < lE-10 < lE-10 
target to -
FFTF 

Liquid 2 2.58E-04 5.57E-06 5.16E-04 1. llE-05 2.06E-07 5.57E-09 
Waste to 
200 East 
Area 

Solid 35 3.22E-04 6.95E-06 1.13E-02 2.43E-04 4.51E-06 l.22E-07 
Waste to 
200 West 
Area -~ 
a Calculatec: usm the me ttJ.odolo ( ) g gyp rescnbed m ICRP t>U 

(b) Accident impacts are less than lE-10 health effects; insignificant contributors to annual and life-cycle 
trans ortation impacts 
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Isotope* 

Ac-227 

Au-198 

Cd-109 

Cu-64 

Cu-67 

Gd-153 

Ho-166 

1-125 

1-131 

lr-192 

Lu-177 

Mo-99 

Os-194<'> 

P-J2<dl 

p_33<dJ 

Pd-103 

Pt-195m 

Re-186 

Sc-47 

Se-75 

Sm-145 

Sm-153 

Sn-ll 7m 

Sr-85 

Sr-89 

Th-228 
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Table 28. Routine Radiological Impacts for Truck Shipments of 
Separated Isotopes from the 325 Building to Pasco Airport 

Estimated Radiological impacts Annual radiological Annual · health effects 
number of per shipment impacts 

annual 
Public Crew shipments Crew Public Crew Public 

(person-rem/ (person-reni/ (person-rem/ (person-rem/ (LCFs/ (LCFs/ 
shipment) shipment) year) year) year)<•H•> year)<"><•> 

I 2.76E-12 4.63E-13 2.76E-12 4.63E-13 <lE-10 <lE-10 

25 5.20E-05 8.71E-06 l .30E-03 2.18E-04 5.20E-07 l .09E-07 

1 8.58E-25 l .44E-25 8.58E-25 l.44E-25 <IE-10 <IE-10 

25 2.85E-05 4.78E-06 7.13E-04 l .20E-04 2.85E-07 5.98E-08 

25 2.21E-13 3.71E-14 5.53E-12 9.28E-13 2.21E-15 4.64E-16 

1 5.92E-22 9.92E-23 5.92E-22 9.92E-23 <IE-10 <lE-10 

25 1.81E-04 3.03E-05 4.52E-03 7.58E-04 1.SIE-06 3.79E-07 

I 9.77E-24 l.64E-24 9.77E-24 l .64E-24 <lE-10 <lE-10 

10 l .28E-04 2.14E-05 l .28E-03 2.14E-04 5.IOE-07 l.07E-07 

I 3.02E-04 5.06E-05 3.02E-04 5.06E-05 l.21E-07 2.53E-08 

10 4.50E-18 7.55E-19 4.50E-l 7 7.55E-18 <lE-10 <lE-10 

25 3.02E-04 5.06E-05 7.54E-03 l.26E-03 3.02E-06 6.32E-07 

1 3.02E-04 5.06E-05 3.02E-04 5.06E-05 1.21E-07 2.53E-08 

5 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

3 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

5 3.13E-13 5.25E-14 l.57E-12 2.63E-13 <lE-10 <lE-10 

5 7.89E-10 l.32E-10 3.94E-09 6.61E-10 <lE-10 < lE-10 

10 3.02E-04 · 5.06E-05 3.02E-03 5.06E-04 l.21E-06 2.53E-07 

25 2.16E-18 3.63E-19 5.41E-17 9.07E-18 <lE-10 <lE-10 

1 7.59E-07 l.27E-07 7.59E-07 l.27E-07 3.03E-10 <lE-10 

1 1.53£-06 2.57E-07 l .53E-06 2.57E-07 6.13E-10 1.29£-10 

25 2.34E-06 3.93£-07 5.86E-05 9.82E-06 2.34E-08 4,91E-09 

5 1.42E-22 2.38E-23 7.l lE-22 1.19E-22 <lE-10 <lE-10 

1 8.44E-05 1.42E-05 8.44E-05 1.42E-05 3.38E-08 7.08E-09 

3 2.37E-06 3.97E-07 5.92E-06 9.92E-07 2.37E-09 4.96E-10 

1 2.76E-12 4.63E-13 2.76E-12 4.63£-13 <lE-10 <lE-10 
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Table 28. Routine Radiological Impacts for Truck Shipments of 
Separated Isotopes from the 325 Building to Pasco Airport 

Isotope* Estimated Radiological impacts Annual radiological Annual health effects 
number of per shipment impacts 

.annual 
shipments Crew Public Crew Public Crew Public 

(person-rem/ (person-rem/ (person-rem/ (person-rem/ (LCFs/ (LCFs/ 
shipment) shipment) year) year) year}'">(lo> year><•)(\) 

Th-229 I See Th-228 See Tii-228 See Th-228 See Th-228 See Th-228 See Th-228 

W-188 I 3.02E-04 5.06E-05 3.02E-04 5.06E-05 l.21E-07 2.53E-08 

Xe-127 3 2.64E-08 4.43E-09 6.61E-08 l.l lE-08 <IE-10 <IE-10 

Y-91 1 5.24E-05 8.79E-06 5.24E-05 8.79E-06 2.IOE-08 4.40E-09 

aJ ca1cu1atea usmg tne metnoaology prescribed m ICRP 60. 
(b) Accident impacts are less than IE-10 health effects; insignificant contributors to annual and life-cycle transportation impacts. 
(c) Dose Factors for Os-194 were not included in the MICROSI-IlELD libraries; therefore, a Tl of 13 mrem/hr was assumed. 
(d) P-32 and P-33 decay does not emit gamma radiation. 
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Table 29. Routine Radiological Impacts for Truck Shipments of Medical Isotopes 
from Boston, Ma. Airport to Dupont-Merck 

Isotope* Estimated Radiological Impacts Annual Radiological Annual Health Effects 
Number per Shipment Impacts 

of Annual 
Shipments Crew Public Crew Public Crew Public 

(person- (person- (person- (person- (LCFs/ (LCFs/ 
rem/ rem/ rem/ year) rem/ year) year)<•l!bl year)(a)(b) 

shipment) shipment) 

Ac-227 1 5 .43E-13 l.33E-12 5.43E-13 l.33E-12 < lE-10 · < lE-10 

Au-198 25 l .02E-05 2.51E-05 2.55E-04 6.27E-04 1.02E-07 3.14E-07 

Cd-109 1 l.69E-25 4.14E-25 1.69E-25 4 .14E-25 < lE-10 < lE-10 

Cu-64 25 5.61E-06 l .38E-05 1.40E-04 3.44E-04 5.61E-08 l.72E-07 

Cu-67 25 4.35E-14 l.07E-13 l.09E-12 2.67E-12 < lE-10 < lE-10 

Gd-153 1 l.16E-22 2.86E-22 l.16E-22 2.86E-22 < lE-10 < lE-10 

Ho-166 25 3.55E-05 8.72E-05 8.88E-04 2.18E-03 3.55E-07 l.09E-06 

1-125 1 · l.92E-24 4.72E-24 l.92E-24 4.72E-24 < lE-10 < lE-10 

1-131 10 2.51E-05 6.16E-05 2.51E-04 6.16E-04 l.00E-07 3.08E-07 

lr-192 1 5.93E-05 1.46E-04 5.93E-05 l.46E-04 2.37E-08 7.28E-08 

Lu-177 10 8.85E-19 2.17E-18 8.85E-18 2.17E-17 < lE-10 < lE-10 

Mo-99 25 5.93E-05 1.46E-04 1.48E-03 3.64E-03 5.93E-07 l.82E-06 

Os-194<cl 1 5 .93E-05 l.46E-04 5.93E-05 l.46E-04 2.37E-08 7 .28E-08 

P-32(d) 5 0.00E+OO 0.00E+00 0.OOE+00 0 .00E+00 0.00E+00 0 .00E+00 

p_33(d) 3 0.00E+00 0.OOE+00 0.00E+OO 0.00E+00 0.00E+OO 0.00E+00 

Pd-103 5 6.16E-14 1.SlE-13 3.08E-13 7.56E-13 < lE-10 < lE-10 

Pt-195m 5 l.55E-10 3.81E-10 7.75E-10 l.90E-09 < lE-10 < lE-10 

Re-186 10 5.93E-05 1.46E-04 5 .93E-04 1.46E-03 2.37E-07 7 .28E-07 

Sc-47' 25 4.25E-19 1.04E-18 l.06E-17 2.61E-17 < lE-t0 <. lE-10 

Se-75 1 1.49E-07 3.66E-07 1.49E-07 3.66E-07 < lE-10 1.83E-10 

Sm-145 1 3.0lE-07 7.40E-07 3.0lE-07 7.40E-07 1.21E-10 3.70E-10 

Sm-153 25 4.61E-07 1.13E-06 l .15E-05 2.83E-05 4.61E-09 1.41E-08 
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Table 29. Routine Radiological Impacts for Truck Shipments of Medical Isotopes 
from Boston, Ma. Airport to Dupont-Merck 

Isotope* Estimated Radiological Impacts Annual Radiological Annual Health Effects 
Number per Shipment Impacts 

of Annual 
Shipments Crew Public Crew Public Crew Public 

(person- (person- (person- (person- (LCFs/ (LCFs/ 
rem/ rem/ rem/ year) rem/ year) year)(a){b) year)(a)(b) 

shipment) shipment) 

Sn-117m 5 2 .80E-23 6 .87E-23 1.40E-22 3.43E-22 < lE-10 < lE-10 

Sr-85 1 1.66E-05 4.08E-05 l .66E-05 4 .08E-05 6.64E-09 2.04E-08 

Sr-89 3 4.65E-07 1.14E-06 1.16E-06 2.86E-06 4.65E-10 1.43E-09 

Th-228 1 5.43E-13 l.33E-12 5.43E-13 1.33E-12 < lE-10 < lE-10 

Th-229 1 See Th-228 See Th-228 See Th-228 See Th-228 See Th-228 See 
Th-228 . 

W-188 1 5.93E-05 1.46E-04 5.93E-05 l .46E-04 2.37E-08 7.28E-08 

Xe-127 3 5.20E-09 l.28E-08 l.30E-08 3.19E-08 < lE-10 < lE-10 

Y-91 1 l.03E-05 2.53E-05 l.03E-05 2.53E-05 4.12E-09 1.27E-08 

(a) cruculatec usm the methodolo g gyp rescnbed m lL~ P 60. 
(b) Accident impacts are less than lE-10 health effects; insignificant contributors to annual and life-cycle 

transportation impacts. 
(c) Dose Factors for Os-194 were not included in the MICROSHIELD libraries; therefore, 

was assumed. 
(d) P-32 and P-33 decay does not emit gamma radiation . 
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Table 30. Routine Radiological Impacts for Truck Shipments of Medical Isotopes from Chicago, II. 
Airport to Amersham Mediphysics 

Isotope* Estimated Radiological Impacts Annual Radiological Annual Health Effects 
Number per Shipment Impacts 

of Annual 
Shipments Crew . Public Crew Public Crew Public 

(person- (person- (person- (person- (LCFs/ (LCFs/ 
rem/ rem/ rem/ year) rem/ year) year)<•>(b> year)<•l(bl 

shipment) shipment) 

Ac-227 1 5.37E-12 8.59E-13 5.37E-12 8.59E-13 < lE-10 < lE-10 

Au-198 25 1.0lE-04 1.62E-05 2.53E-03 4.04E-04 l.0lE-06 2.02E-07 

Cd-109 1 1.67E-24 2.67E-25 1.67E-24 2.67E-25 < lE-10 < lE-10 

Cu-64 25 5.55E-05 8.88E-06 l.39E-03 2.22E-04 5.55E-07 l.1 lE-07 

Cu-67 25 4 .30E-13 6 .89E-14 l.08E-11 l.72E-12 < lE-10 < lE-10 

Gd-153 1 1.15E-21 l .84E-22 l.15E-21 1.84E-22 < lE-10 < lE-10 · 

Ho-166 25 3.51E-04 5.62E-05 8.78E-03 l.41E-03 3.51E-06 7.03E-07 

1-125 1 1.90E-23 3.04E-24 l.90E-23 3.04E-24 < lE-10 < lE-10 

1-131 10 2.48E-04 3 .97E-05 2.48E-03 3.97E-04 9.92E-07 1.99E-07 

lr-192 1 5 .86E-04 9.39E-05 5.86E-04 9 .39E-05 2.35E-07 4.69E-08 

Lu-177 10 8.75E-18 1.40E-18 8.75E-17 l.40E-17 < lE-10 < lE-10 

Mo-99 25 5.86E-04 9.39E-05 l.47E-02 2.35E-03 5 .86E-06 1.17E-06 

Os-194<c> 1 5.86E-04 9 .39E-05 5.86E-04 9.39E-05 2.35E-07 4.69E-08 

p_32(d) 5 0 .00E+OO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+OO 

P-33(d) 3 0.00E+OO 0.00E+OO 0.OOE+00 0.00E+00 0.00E+00 0.00E+OO 

Pd-103 5 6.09E-13 9.75E-14 3.04E-12 4 .87E-13 <lE-10 < lE-10 

Pt-195m 5 1.53E-09 2.45E-10 7.67E-09 1.23E-09 < lE-10 < lE-10 

Re-186 10 5.86E-04 9 .39E-05 5.86E-03 9 .39E-04 2.35E-06 4.69E-07 

Sc-47 25 4.21E-18 6.74E-19 l.05E-16 1.68E-17 < lE-10 < lE-10 

Se-75 1 l.47E-06 2.36E-07 1.47E-06 2 .36E-07 5.90E-10 l.18E-10 

Sm-145 1 2.98E-06 4.77E-07 2.98E-06 4 .77E-07 1.19E-09 2.39E-10 . 

Sm-153 25 4.56E-06 7.29E-07 1.14E-04 1.82E-05 4.56E-08 9.12E-09 
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Table 30. Routine Radiological Impacts for Truck Shipments of Medical Isotopes from Chicago, Il. 
Airport to Amersham Mediphysics 

Isotope* Estimated Radiological Impacts Annual Radiological Annual Health Effects 
Number per Shipment Impacts 

of Annual 
Shipments · Crew · Public Crew Public Crew Public 

(person- (person- (person- (person- (LCFs/ (LCFs/ 
rem/ rem/ rem/ year) rem/ year) year)<•>Cb> year)(a)(b) 

shipment) shipment) 

Sn-117m 5 2.76E-22 4.43E-23 l.38E-21 2.21E-22 < lE-10 < lE-10 

Sr-85 1 1.64E-04 2.63E-05 l .64E-04 2.63E-05 6.57E-08 1.31E-08 

Sr-89 3 4.60E-06 7.36E-07 l.15E-05 1.84E-06 4.60E-09 9.21E-10 

Th-228 1 5.37E-12 · 8.59E-13 5.37E-12 8.59E-13 < lE-10 < lE-10 

Th-229 1 See Th-228 See Th-228 See Th-228 See Th-228 See Th-228 See 
Th-228 

W-188 1 5.86E-04 9.39E-05 5.86E-04 9.39E-05 2.35E-07 4.69E-08 

Xe-127 3 . 5.14E-08 8.23E-09 l.29E-07 2.06E-08 < lE-10 < lE-10 

Y-91 1 l.02E-04 l.63E-05 l.02E-04 l.63E-05 4.08E-08 8.16E-09 

a Calculated usm the me 1odolo () g gyp rescribed m ICRP (>U 

(b) Accident impacts are less than lE-10 health effects; insignificant contributors to annual and life-cycle 
transportation impacts. 

(c) Dose Factors for Os-194 were not included in the MICROSHIELD libraries; therefore, a TI of 13 mrem/hr 
was assumed. 

(d) P-32 and P-33 decay does not emit gamma radiation. 
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Table 31. Routine Radiological Impacts for Truck Shipments of Medical Isotopes from St. Louis, Mo. 
Airport to Malinckrodt 

Isotope* Estimated Radiological Impacts Annual Radiological Annual Health Effects 
Number per Shipment Impacts 

of Annual 
Shipments Crew Public Crew Public Crew Public 

(person- (person- (person- (person- (LCFs/ (LCFs/ 
rem/ rem/ rem/ year) rem/ year) year)C•J(bJ year)CaJ(bJ 

shipment) shipment) 

Ac-227 1 2 .14E-12 6.84E-13 2.14E-12 6.84E-13 < lE-10 < lE-10 

Au-198 25 4.03E-05 l .29E-05 l.0IE-03 3.22E-04 4.03E-07 l.61E-07 

Cd-109 1 6.66E-25 2 .13E-25 6 .66E-25 2.13E-25 < lE-10 < lE-10 

Cu-64 25 2.21E-05 7.07E-06 5.54E-04 l .77E-04 2.21E-07 8.84E-08 

Cu-67 25 l.72E-13 5.49E-14 4.29E-12 l.37E-12 < lE-10 < lE-10 

Gd-153 1 4.59E-22 l.47E-22 4 .59E~22 l.47E-22 < lE-10 < lE-10 

Ho-166 25 l.40E-04 4.48E-05 3.51E-03 l.12E-03 1.40E-06 5.60E-07 

1-125 1 7.58E-24 2.42E-24 7.58E-24 2.42E-24 < lE-10 < lE-10 

1-131 10 9.90E-05 3.16E-05 9.90E-04 3.16E-04 3.96E-07 l.58E-07 

lr-192 1 2.34E-04 7.48E-05 2.34E-04 7.48E-05 9.36E-08 3.74E-08 

Lu-177 10 3.49E-18 l.12E-18 3.49E-17 l.12E-17 < lE-10 < lE-10 

Mo-99 25 2.34E-04 7.48E-05 5.85E-03 l.87E-03 2 .34E-06 9.34E-07 

Os-194<c> 1 2.34E-04 7.48E-05 2.34E-04 7.48E-05 9.36E-08 3.74E-08 

P-32(d) 5 0 .00E+00 0.OOE+00 0.00E+00 0 .00E+00 0 .00E+00 0.OOE+00 

P-33(d) 3 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+OO 

Pd-103 5 2.43E-13 7.76E-14 l.22E-12 3.88E-13 < lE-10 < lE-10 

Pt-195m 5 6.12E-10 l.96E-10 3.06E-09 9.78E-10 < lE-10 < lE-10 

Re-186 10 2.34E-04 7.48E-05 2.34E-03 7.48E-04 9.36E-07 3.74E-07 

Sc-47 25 l.68E-18 5.36E-19 4.20E-17 l.34E-17 < lE-10 < lE-10 

Se-75 1 5.89E-07 1.88E-07 5.89E-07 1.88E-07 2.35E-10 < lE-10 

Sm-145 1 l.19E-06 3.80E-07 l.19E-06 3.80E-07 4.76E-10 l.90E-10 

Sm-153 25 l.82E-06 5.81E-07 4.55E-05 1.45E-05 1.82E-08 7.26E-09 
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Table 31. Routine Radiological Impacts for Truck Shipments of Medical Isotopes from St. Louis, Mo. 
Airport to Malinckrodt 

Isotope* Estimated Radiological Impacts Annual Radiological Annual Health Effects 
Number per Shipment Impacts 

of Annual 
Shipments Crew Public Crew Public Crew Public 

(person- (person- (person- (person- (LCFs/ (LCFs/ 
rem/ rem/ rem/ year) rem/ year) year)Ca)(b) year)Ca)(b) 

shipment) shipment) 

Sn-117m 5 l. lOE-22 3.52E-23 5.52E-22 1.76E-22 < lE-10 < lE-10 

Sr-85 1 6.SSE-05 2.09E-05 6.SSE-05 2.09E-05 2.62E-08 l.0SE-08 

Sr-89 3 1.84E-06 5.87E-07 4.59E-06 1.47E-06 1.84E-09 7.33E-10 

Th-228 1 2.14E-12 6.84E-13 2.14E-12 6.84E-13 < lE-10 < lE-10 

Th-229 1 See Th-228 See Th-228 See Th-228 See Th-228 See Th-228 See 
Th-228 

W-188 1 2.34E-04 7.48E-05 2.34E-04 7.48E-05 9.36E-08 3.74E-08 

Xe-127 3 2.0SE-08 6.56E-09 5.13E-08 l.64E-08 < lE-10 < lE-10 

Y-91 1 4.07E-05 1.30E-05 4.07E-05 1.30E-05 1.63E-08 6.S0E-09 

a Calculated usm the met llodolo ( ) g gyp rescnbed m ICRP 60 
(b) Accident impacts are less than lE-10 health effects; insignificant contributors to annual and life-cycle 

transportation impacts. 
(c) Dose Factors for Os-194 were not included in the MICROSHIELD libraries; therefore, a TI of 13 mrem/hr 

was assumed. 
(d) P-32 and P-33 decay does not emit gamma radiation. 

5.2.2.1 Radiological Impacts due to Routine Transportation by Air. The potential 
routine radiological impacts have been estimated for air shipments isotope products from the 
325 Building to the distributors. The input data used to characterize each air shipment (e.g, 
population densities, and shipment speed and distances) are shown in Tables 14 and 15. 

The results of the transportation impact calculations for commercial air shipments of 
medical isotopes are summarized in Table 32 (air transport to Boston) , 33 (Chicago), and 34 
(St. Louis). The tables present the routine exposures on a per-shipment basis. The tables 
present the results in units of person-rem/shipment and latent health effects. The latent 
health effects were calculated by multiplying the radiation exposures in person-rem by a 
conversion factor (5 x 104 latent health effects per person-rem) taken from ICRP 60. 
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The air transportation impact results presented in the table are truncated at lE-10 health 
effects . Medical isotope shipments below this value are not expected to contribute 
significanlly to total annual or Lotal life-cycle heallh effel:tS as Lhey will bt: dominatt d oy 
medical isotopes that result in higher per-shipment impacts . 

Table 32. Routine Air Transportation Impacts for Medical Isotope Shipments from 
Pasco, Wa. to Boston, Ma. 

Isotope* Number Radiological Impacts Annual Radiological Annual Health Effects 
of per Shipment Impacts 

Shipments 
Crew Public Crew per Year Public Crew Public 

(person- (person- (person- (person- (LCFs/ (LCFs/ 
rem/ rem/ rem/year) rem/year) year)<•Hb> year)<•lCbl 

shipment) shipment) 

Ac-227 1 2.0SE-09 1.05E-09 2.0SE-09 1.05E-09 < lE-10 < lE-10 

Au-198 25 3.92E-02 1.98E-02 9.S0E-01 4 .96E-01 3.92E-04 2.48E-04 

Cd-109 1 6.48E-22 3.28E-22 6.48E-22 3 .28E-22 < lE-10 < lE-10 

Cu-64 25 2 .15E-02 l.09E-02 5.38E-01 2.72E-01 2 .15E-04 l.36E-04 

Cu-67 25 l.67E-10 8.45E-11 4.17E-09 2 .1 lE-09 < lE-10 < lE-10 

Gd-153 1 4.46E-19 2.26E-19 4.46E-19 2.26E-19 < lE-10 < lE-10 

Ho-166 25 l.36E-01 6.90E-02 3.41E+00 l.72E+00 1.36E-03 8.62E-04 

I-1 25 1 7.37E-21 3.73E-21 7 .37E-21 3.73E-21 < lE-10 < lE-10 

I-131 10 9.63E-02 4.87E-02 9.63E-0l 4 .87E-0l 3.85E-04 2.43E-04 

Ir-192 1 2.28E-01 l.15E-01 2.28E-01 l.15E-01 9. lOE-05 5.75E-05 

Lu-177 10 3.40E-15 1.72E-15 3.40E-14 l.72E-14 < lE-10 < lE-10 

Mo-99 25 2 .28E-01 1.15E-01 5.69E+00 2 .88E+OO 2.28E-03 1.44E-03 

Os-194<cl 1 2 .28E-01 1.15E-0l 2.28E-01 1.15E-01 9.lOE-05 5.75E-05 

P-32(d) 5 0 .OOE+OO 0.00E+OO 0 .00E+00 0.00E+00 0.00E+00 0.00E+00 

p.33(d) 3 0 .00E+00 0 .00E+00 0.00E+00 0 .0OE+OO 0.00E+00 0 .00E+00 

Pd-103 5 2.36E-10 1.20E-10 l .18E-09 5 .98E-10 < lE-10 < lE-10 

Pt-195 5 5 .95E-07 3.0lE-07 2.98E-06 l.51E-06 1, 19E-09 7.53E-10 

Re-186 10 2.28E-0l l.15E-0l 2 .28E+00 l.15E+00 9.l0E-04 5.75E-04 

Sc-47 25 l .63E-15 8.26E-16 4 .0SE-14 2 .07E-14 < lE-10 < lE-10 
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Table 32. Routine Air Transportation Impacts for Medical Isotope Shipments from 
Pasco, Wa. to Boston, Ma. 

Isotope* Number Radiological Impacts Annual Radiological Annual Health Effects 
of per Shipment Impacts 

Shipments 
Crew per Year Public Crew Public Crew Public 

(person- (person- (person- (person- (LCFs/ (LCFs/ 
rem/ rem/ rem/year) rem/year) year)(a)(b) year)(a)(b) 

shipment) shipment) 

Se-75 1 5.72E-04 2.90E-04 5.72E-04 2.90E-04 2.29E-07 1.45E-07 

Sm-145 1 1.16E-03 5.85E-04 l.16E-03 5.85E-04 4.63E-07 2.93E-07 

Sm-153 25 l.77E-03 8.94E-04 4.42E-02 2.24E-02 1.77E-05 l.12E-05 

Sn-117 5 l.07E-19 5.43E-20 5.37E-19 2.71E-19 < lE-10 < lE-10 

Sr-85 1 6.37E-02 3.22E-02 6.37E-02 3.22E-02 2.55E-05 l.61E-05 

Sr-89 3 1.79E-03 9.03E-04 4.46E-03 2.26E-03 l.79E-06 l.13E-06 

Th-228 1 2.08E-09 l.05E-09 2.08E-09 1.05E-09 < lE-10 < lE-10 

Th-229 1 See Th-228 See Th-228 See Th-228 See Th-228 See Th-228 See Th-
228 

W-188 1 2.28E-01 l.15E-01 2.28E-01 l.15E-01 9.lOE-05 5.75E-05 

Xe-127 3 2.00E.-05 l.0lE-05 4.99E-05 2.52E-05 2.00E-08 l.26E-08 

Y-91 1 3.96E-02 2.00E-02 3.96E-02 2,00E-02 l .58E-05 l .00E-05 

(a) Calculated usmg the methodology prescribed m ICRP 60. 
(b) Accident impacts are less than lE-10 health effects; insignificant contributors to annual and life-cycle 

transportation imp<1.cts. 
(c) Dose Factors for Os-194 were not included in the MICROSHIELD libraries; therefore, a TI of 13 mrem/hr 

was assumed. 
(d) P-32 and P-33 do not emit gamma radiation; package shielding reduces dose rate to 0.0 mrem/hr. 
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Table 33. Routine Air Transportation Impacts for MedicaJ Isotope Shipments from Pasco, Wa. to 
Chicago, II. 

Isotope Number of Radiological Impacts Annual Radiological Annual Health Effects 
Shipments per Shipment Impacts ' 

per Year 
Crew Public Crew Public Crew Public 

(person- (person- (person- (person- (LCFs/ (LCFs/ 
rem/ rem/ rem/year) rem/year) year)<•Hh> year)(a)(b) 

shipment) shipment) 

Ac-227 1 l.83E-09 9.26E-10 l.83E-09 9.26E-10 < lE-10 < lE-10 

Au-198 25 3.45E-02 l.74E-02 8.61E-01 4 .36E-01 3.45E-04 2.18E-04 

Cd-109 1 5.69E-22 2.88E-22 5 .69E-22 2.88E-22 < lE-10 < lE-10 

Cu-64 25 l .89E-02 9.57E-03 4.73E-0l 2 .39E-0l l.89E-04 l .20E-04 

Cu-67 25 l.47E-10 7.42E-ll 3.67E-09 l.86E-09 < lE-10 < lE-10 

Gd-153 1 3.92E-19 l.98E-19 3.92E-19 l.98E-19 < lE-10 < lE-10 

Ho-166 25 l.20E-01 6.06E-02 3.00E+00 1.52E+00 l.20E-03 7.58E-04 

1-125 1 6.48E-21 3.28E-21 6.48E-21 3.28E-21 < lE-10 < lE-10 

1-131 10 8.46E-02 4.28E-02 8.46E-01 4.28E-01 3.38E-04 2.14E-04 

lr-192 1 2.00E-01 l.0lE-01 2 .00E-01 1.0lE-01 8.00E-05 5.06E-05 

Lu-177 10 2 .98E-15 l.51E-15 2 .98E-14 l.51E-14 < lE-10 < lE-10 

Mo-99 25 2:00E-0l l.0lE-01 5.00E+00 2.53E+0O 2.00E-03 1.26E-03 

Os-194<c> 1 2.00E-01 l.0lE-01 2 .00E-01 l.0lE-01 8.00E-05 5.06E-05 

P-32(d) 5 0.00E+OO 0.00E+OO 0.OOE+00 0.00E+OO 0.00E+00 0 .00E+00 

P-33(d) 3 0 .00E+OO 0.00E+00 0 .00E+00 0.OOE+00 0 .00E+00 0 .00E+00 

Pd-103 5 2 .08E-10 l.05E-10 l.04E-09 5.25E-10 < lE-10 < lE-10 

Pt-195m 5 5.23E-07 2.65E-07 2.61E-06 l.32E-06 l.05E-09 6.61E-10 

Re-186 10 2.00E-01 l.0lE-01 2 .00E+00 l.0lE+OO 8.00E-04 5 .06E-04 

Sc-47 25 l.44E-15 7 .26E-16 3.59E-14 l.8 lE-14 < lE-10 < lE-10 

Se-75 1 5.03E-04 2.54E-04 5.03E-04 2.54E-04 2.0lE-07 1.27E-07 

Sm-145 1 1.02E-03 5.14E-04 l.02E-03 5.14E-04 4.07E-07 2 .57E-07 

Sm-1 53 25 l.55E-03 7.86E-04 3.88E-02 l.96E-02 l.55E-05 9.82E-06 
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Table 33. Routine Air Transportation Impacts for Medical Isotope Shipments from Pasco, Wa. to 
Chicago, II. 

Isotope Number of Radiological Impacts Annual Radiological Annual Health Effects 
Shipments per Shipment Impacts 
per Year 

· Crew Public Crew Public Crew Public 
(person- (person- (person- (person- (LCFs/ (LCFs/ 

rem/ rem/ rem/year) rem/year) year)<•>(b> year)(a)(b) 
shipment) shipment) 

Sn-117m 5 9.43E-20 4 .77E-20 4.71E-19 2.38E-19 < lE-10 < lE-10 

Sr-85 1 5.60E-02 2.83E-02 5.60E-02 2.83E-02 2.24E-05 1.42E-05 

Sr-89 3 l .57E-03 7.94E-04 3.92E-03 1.98E-03 l.57E-06 9.92E-07 

Th-228 1 l.83E-09 9.26E-10 l.83E-09 9.26E-10 < lE-10 < IE-10 

Th-229 I See Th-228 See Th-228 See Th-228 See Th-228 See Th-228 See Th-
228 

W-188 1 2.00E-01 l.0IE-01 2.00E-01 l.0IE-01 8.00E-05 5.06E-05 

Xe-127 3 1.75E-05 8.87E-06 4.38E-05 _2.22E-05 1.75E-08 l.1 lE-08 

Y-91 1 3.48E-02 1.76E-02 3.48E-02 1.76E-02 1.39E-05 8.79E-06 

(a) Calculatec usm the met llOdolo g gyp rescnbed m lLRP 60 
(b) Accident impacts are less than IE-10 health effects; insignificant contributors to annual and life-cycle 

transportation impacts. 
(c) Dose Factors for Os-194 were not included in the MICROSHIELD libraries; therefore, a TI of 13 mrern/hr 

was assumed. 
(d) P-32 and P-33 do not emit gamma radiation; package shielding reduces dose rate to 0.0 mrem/hr. 
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Table 34. Routine Air Transportation Impacts for Medical Isotope Shipments from Pasco, Wa. to St. 
Louis , Mo. 

Isotope* Number Radiological Impacts Annual Radiological Annual Health Effects 
of per Shipment Impacts 

Shipments 
Crew Public Crew Public Crew per Year Public 

(person- (person- (person- (person- (LCFs/ (LCFs/ 
rem/ rem/ rem/ year) rem/ year) year)(a)(b) year)(a)(b) 

shipment) shipment) 

Ac-227 1 1.80E-09 9.lOE-10 1.80E-09 9. lOE-10 < lE-10 < lE-10 

Au-198 25 3.39E-02 1.71E-02 8.47E-01 4.28E-01 3.39E-04 2.14E-04 

Cd-109 1 5.59E-22 2 .83E-22 5.59E-22 2.83E-22 < lE-10 < lE-10 

Cu-64 25 l.86E-02 9.41E-03 4.65E-01 2.35E-01 1.86E-04 1.18E-04 

Cu-67 25 1.44E-10 7.30E-ll 3.61E-09 1.82E-09 < lE-10 < lE-10 

Gd-153 1 3.86E-19 1.95E-19 3.86E-19 1.95E-19 < lE-10 < lE-10 . 

Ho-166 25 1.18E-0l 5.96E-02 2.94E+00 1.49E+00 l .18E-03 7.45E-04 

1-125 1 6.37E-21 3.22E-21 6.37E-21 3 .22E-21 < lE-10 < lE-10 

1-131 10 8.32E-02 4.21E-02 8.32E-01 4 .21E-0l 3.33E-04 2.lOE-04 

Ir-192 1 l .97E-01 9.94E-02 l .97E-01 9.94E-02 7.86E-05 4.97E-05 

Lu-177 10 2.93E-15 1.48E-15 2.93E-14 1.48E-14 < lE-10 < lE-10 

Mo-99 25 1.97E-01 9.94E-02 4.91E+00 2.49E+OO l .97E-03 1.24E-03 

Os-194<cl 1 1.97E-01 9.94E-02 1.97E-01 9.94E-02 7.86E-05 4 .97E-05 

P-32(d) 5 0.00E+00 0.00E+00 0.00E+00 0 .00E+00 0.00E+00 O.00E+00 

p.33(d) 3 0.00E+00 O.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.OOE+OO 

Pd-103 5 2.04E-10 1.03E-10 1.02E-09 .5.16E-10 < lE-10 < lE-10 

Pt-195 5 5.14E-07 2.60E-07 2.57E-06 l.30E-06 1.03E-09 6.50E-10 

Re-186 10 1.97E-01 9.94E-02 1.97E+00 9.94E-01 7.86E-04 4.97E-04 

Sc-47, 25 1.41E-15 7 .14E-16 3.53E-14 1.78E-14 < lE-10 < lE-10 

Se-75 1 4.94E-04 2.50E-04 4.94E-04 2 .50E-04 1.98E-07 1.25E-07 

Sm-145 1 9.99E-04 5.06E-04 9.99E-04 5.06E-04 4.00E-07 2.53E-07 

Sm-153 25 l.53E-03 7.72E-04 3.82E-02 l .93E-02 l .53E-05 9.66E-06 
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Table 34. Routine Air Transportation Impacts for Medical Isotope Shipments from Pasco, Wa. to St. 
Louis, Mo. 

Isotope* Number Radiological Impacts Annual Radiological Annual Health Effects 
of per Shipment Impacts 

Shipments 
Crew per Year Public Crew Public Crew Public 

(person- (person- (person- (person- (LCFs/ (LCFs/ 
rem/ rem/ rem/ year) rem/ year) year)<•lCbl year)<•>Cb> 

shipment) shipment) 

Sn-117 5 9.27E-20 4.69E-20 4.63E-19 2.34E-19 < lE-10 < lE-10 

Sr-85 1 5.S0E-02 2.78E-02 5.S0E-02 2.78E-02 2.20E-05 1.39E-05 

Sr-89 3 l.54E-03 7 .80E-04 3.86E-03 l .95E-03 l.54E-06 9.75E-07 

Th-228 1 l.80E-09 9.lOE-10 l.80E-09 9.lOE-10 < lE-10 < lE-10 

Th-229 1 See Th-228 See Th-228 See Th-228 See Th-228 See Th-228 See Th-
228 

W-188 1 l.97E-01 9.94E-02 l.97E-01 9.94E-02 7.86E-05 4.97E-05 

Xe-127 3 1.72E-05 8.72E-06 4.31E-05 2.18E-05 l.72E-08 l.09E-08 

Y-91 1 3.42E-02 l.73E-02 3.42E-02 l.73E-02 l.37E-05 8.64E-06 

(a) Calculate< usm the methodolo ' g gyp rescnbed m ICRP ou 
(b) Accident impacts are less than lE-10 health effects; insignificant contributors to annual and life-cycle 

transportation impacts. 
(c) Dose Factors for Os-194 were not included in the MICROSHIELD libraries; therefore, a TI of 13 rnrem/hr 

was assumed. 
(d) P-32 and P-33 do not emit gamma radiation; package shielding reduces dose rate to 0.0 rnrem/hr. 

5.2.2.3 Summary of Radiological Routine or Incident Free Transportation Impacts. 
The routine or incident free radiological transportation impacts for the production, 
separation, and distribution of an isotope is the summation of the truck and air transportation 
impacts (see Table 35). The results in the table represent the sum of the impacts of shipping 
irradiated targets by truck from FFTF to the 325 Building, separated isotopes by truck from 
the 325 Building to the Tri-Cities Airport, separated isotopes by air from the Tri-Cities 
Airport to destination airports near the pharmaceutical distributors, and truck shipments from 
the destination airports to the nearby pharmaceutical distributors. It was observed that the 
summed exposures for each isotope shipment are dominated by the air transport legs. This is 
primarily because the truck legs are a few percent of the total one-way distance traveled. 
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Table 35. Summary of Routine or Incident Free Transportation lmpacts<a>(b> 

Isotope* Number Summary of Annual Health Effects Associated with Truck and Air 
of Transport to Pharmaceutical Distributors (LCFs/year) 

Shipments 
DuPont Amersham Malinckrodt per Year 

Crew Public . Crew Public Crew Public 
(LCFs/ (LCFs/ (LCFs/ (LCFs/ (LCFs/ (LCFs/ 

year)<cHdl year)(c)(d) year)(c)(d) year)(c)(d) year)(c)(d) year)(c)(d) 

Ac-227 1 6.5E-10 < lE-10 6.5E-10 < lE-10 6.5E-10 < lE-10 

Au-198 25 3.9E-04 2 .SE-04 3.5E-04 2.2E-04 3.4E-04 2.lE-04 

Cd-109 1 7.6E-10 < lE-10 7.6E-10 < lE-10 7.6E-10 < lE-10 

Cu-64 25 2.2E-04 1.4E-04 1.9E-04 1.2E-04 l.9E-04 l.2E-04 

Cu-67 25 2.5E-08 1.5E-09 2.5E-08 1.SE-09 2.5E-08 l.5E-09 

Gd-153 1 5. lE-08 3.lE-09 5. lE-08 3.lE-09 5.lE-08 3.lE-09 

Ho-166 25 l.4E-03 8.6E-04 1.2E-03 7.6E-04 1.2E-03 7.5E-04 

1-125 1 6.8E-10 < lE-10 6.8E-10 < lE-10 6.8E-10 < lE-10 

1-131 10 3.9E-04 2.4E-04 3.4E-04 2.lE-04 3.3E-04 2. lE-04 

lr-192 1 9.lE-05 5.8E-05 8.0E-05 5. lE-05 7.9E-05 5.0E-05 

Lu-177 10 6.5E-09 3.9E-10 6.5E-09 3.9E-10 6.5E-09 3.9E-10 

Mo-99 25 2.3E-03 1.4E-03 2.0E-03 l .3E-03 2.0E-03 l .2E-03 

Os-194 1 9. lE-05 5.8E-05 8.0E-05 5.lE-05 7.9E-05 5.0E-05 

P-32 5 5.0E-09 3.0E-10 5.0E-09 3.0E-10 5.0E-09 3.0E-10 

P-33 3 2.5E-09 1.5E-10 2.5E-09 l.5E-10 , 2.5E-09 l.5E-10 

Pd-103 5 5.0E-09 3.0E-10 5.0E-09 3.0E-10 5.0E-09 3.0E-10 

Pt-195m 5 4.4E-09 9.5E-10 4.3E-09 8.6E-10 4.3E-09 8.5E-10 

Re-186 10 9. lE-04 5.8E-04 8.0E-04 5.lE-04 7.9E-04 5.0E-04 

Sc-47 25 2.5E-08 1.5E-09 2.5E-08 l.5E-09 2.5E-08 l.5E-09 

Se-75 1 2.3E-07 1.5E-07 2.0E-07 1.3E-07 2.0E-07 l.3E-07 

Sm-145 1 4.6E-07 2.9E-07 4.lE-07 2.6E-07 4.0E-07 2.5E-07 

Sm-153 25 l.8E-05 l . lE-05 l.6E-05 9.8E-06 l.5E-05 9.7E-06 
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Table 35. Summary of Routine or Incident Free Transportation Impacts<a>Cb> 

Isotope* Number Summary of Annual Health Effects Associated with Truck and Air 
of Transport to Pharmaceutical Distributors (LCFs/year) 

Shipments 
DuPont . per Year Arnersham Malinckrodt 

Crew Public Crew Public Crew Public 
(LCFs/ (LCFs/ (LCFs/ (LCFs/ (LCFs/ (LCFs/ 

year)(c)(d) year)(c)(d) year)(c)(d) year)(c)(d) year)(c)(d) year)(c)(d) 

Sn-117m 5 5.0E-09 3.0E-10 5.0E-09 3.0E-10 5.0E-09 3.0E-10 

Sr-85 1 2.6E-05 1.6E-05 2.2E-05 1.4E-05 2.2E-05 1.4E-05 

Sr-89 3 1.8E-06 1. lE-06 1.6E-06 9.9E-07 l.5E-06 9.8E-07 

Th-228 1 6.5E-10 < lE-10 6.5E-10 < lE-10 6.5E-10 < lE-10 

Th-229 1 See Th-228 See Th-228 See Th-228 See Th-228 See Th-228 See 
Th-228 

W-188 1 9.lE-05 5.8E-05 8.0E-05 5. lE-05 7.9E-05 5.0E-05 

Xe-127 3 2.2E-08 1.3E-08 2.0E-08 1.lE-08 2.0E-08 1.lE-08 

Y-91 1 1.6E-05 1.0E-05 1.4E-05 8.8E-06 1.4E-05 8.7E-06 

a See Tables 27 throu ,h 34 for rad10lo 1cal 1m acts ( ) g g p 
(b) Routine transportation impacts for liquid and solid waste shipments are less than 5.0E-06 LCFs/year and 

2.0E-07 LCFs/year for the crew and public, respectively . 
(c) Calculated using the methodology prescribed in ICRP 60. 
(d) Accident impacts are less than lE-10 health effects; insignificant contributors to annual and life-cycle 

transportation impacts. 

Comparisons to the radiation exposures received from natural background radiation were 
developed to place the calculated routine doses from transportation of medical isotopes in 
perspective. The RADTRAN 4 computer code integrates population.exposures out to 400 m 
on either side of a highway or a strip 800 m wide along the entire trip length. This can be 
used to calculate the affected area along a particular transportation corridor. The number of 
potentially-exposed persons in this area was calculated by summing the products of the 
transport distance through rural, suburban, and urban population zones, the transport corridor 
width (0.8 km), and population density in each respective population zone. The resulting 
number of potentially-affected persons was then multiplied by the average annual effective 
dose equivalent from natural background radiation, including cosmic, terrestrial, inhaled, and 
in-the-body sources, to calculate the average annual natural background exposures to the 
population that is potentially-affected by the medical isotope shipments. The average 
individual exposure to natural background radiation in the United States is 300 rnrem/yr 
(NCRP 1987). The resulting natural background exposures are directly comparable to the 
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annual integrated population doses received from medical isotope shipments. The calculated 
natural background exposures are: 

• The 325 Building to Tri-Cities Airport: 1000 person-rem/yr (0.5 LCFs/yr) 
• Chicago Airport to Amersham: 13,000 person-rem/yr (6 LCFs/yr) 
• Boston Airport to DuPont: -9,000 person-rem/yr (5 LCFs/yr) 
• St. Louis Airport to Malinckrodt: 4000 person-rem/yr (2 LCFs/yr) . 

These estimates were developed for the truck transport links and do not include exposures to 
medical isotope shipments or natural background exposures to persons on aircraft during the . 
air transport segments. However, the estimated health effects from natural background 
radiation to persons exposed along the truck transport corridor are significantly greater than 
the health effects associated with the combined truck and air shipments of medical isotopes 
shown in Table 35. 

5.2.2 Non-Radiological Impacts due to Incident-Free Transportation Activities. Impacts 
to the public from non-radiological causes were also evaluated. This included fatalities 
resulting from fugitive emissions or pollutants emitted from the vehicles during normal 
transportation. Based on the information contained in Rao et al. (1982), the types of 
pollutants that are present and can impact the public are sulfur oxides (SOx), particulates, 
nitrogen oxides (NOx), carbon monoxide (CO), hydrocarbons (HC), and photochemical 
oxidants (Ox). Of these pollutants, Rao et al. (1982) determined that the majority of the 
health effects are due to SOx and the particulates . Unit risk factors (fatalities per kilometer) 
for truck shipments were developed by Rao et al. (1982) for travel in urban population 
zones. The unit risk factor is l.0E-07 fatalities/km for truck shipmen_ts . 
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The nonradiological incident-free impacts were calculated based on the travel distances 
shown in Table 5. The results are shown in Table 30. 

Table 36. Nonradiological Impacts due to Routine or Incident Free 
. Transportation 

Transportation Segment 

Target material from ORNL to the 300 Area!b> . 

Unirradiated targets from the 300 Area to FFTF<c> 

Irradiated targets from FFTF to the 325 Building<c> 

Isotope products from 325 Building to Pasco Airport 

Isotope products from destination Airport to Distributor (maximum 
consequence )<dl 

Solid and liquid waste from the 300 Area to 200 East Area<c> 

Total for all isotope shipments, including waste 
a) ca.tculated impacts are tor round tnp distances 

(b) Not applicable to Ac-227, Ra-226 target material is at the 325 Building. 
(c) No travel in urban population zones 
(d) Shipments from Boston Airport to Du-Pont (2.8E-04 fatalities) 

Shipments from Chicago Airport to Amersham (4.3E-04 fatalities) 
Shipments from St. Louis Airport to Malinckrodt (1.4E-04 fatalities) 
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1 Appendix G presents supplementary information on the need for medical 
2 isotopes, the potential role the FFTF can play in their production, and 
3 methods for processing irradiated targets to obtain medical isotope products . 
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APPENDIX G.l 

MEDICAL ISOTOPES AND THEIR PRODUCTION AT THE FFTF 

1.0 THE NEED FOR .MEDICAL ISOTOPES 

Medical isotopes are a growing component of the United States health care 
system. Medical isotopes have applications in the detection or treatment of 
cancer, AIDS, arthritis, heart disease, and other ailments. Medical isotopes 
currently are used in over 13,000,000 procedures each year and as therapeutic 
isotope technology advancements reveal new modalities of treatment, this 
number will grow substantially. 

16 Based on a 1997 market survey by Frost and Sullivan1
, the demand for 

17 radiopharmaceuticals used in medical diagnostic and therapeutic applications 
18 is expected to grow by 7 to 15 percent per year over the coming decade. While 
19 providing improved detection and treatment of disease, medical isotopes can 
20 also lower medical costs. On average, the treatment of cancer costs $15,000 
21 for surgery, $10,000 for chemotherapy, and from $2,000 to $10,000 for external 
22 radiation treatments. It costs only $2,000 to treat a patient using medical 
23 isotopes to provide cell-directed radiation therapy. If 20 million patients 
24 take advantage of the cell-directed radiation therapy over the next 30 years 
25 (with an assumed cost avoidance of $8,000 per patient), this equates to a 
26 reduction of $160 billion (in current dollars) in national health care 
27 expenditures2

• The financial and quality of life benefits to millions of 
28 · individuals and their families from earlier detection of disease, improved 
29 treatment, and pain relief is incalculable. 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

48 

49 

The revenue from sales of medical isotopes is projected to show rapid 
growth. Sales of medical isotopes for use as diagnostic agents are projected. 
to increase from $530 million in 1996 to approximately $17 billion in 2020; 
for therapeutic agents, which have a much smaller share of the current 
radiopharmaceutical market, the growth in sales revenues is expected to occur 
at an even more rapid pace with an increase in sales from $48 million in 1996 
to approximately $6 billion in 2020. 

1.1 Diagnostic Isotopes 

Diagnostic radiopharmaceuticals currently dominate the medical isotope 
arena. Diagnostic nuclear medicine involves the administration of very small 
amounts of radioactive substances, which are distributed within the body 
according to the product's physical and chemical properties. The 
radiopharmaceutical is selected based on its affinity for certain body organs 
or other sites of clinical interest. These radioactive materials 'illuminate' 
the sites of interest in a manner that can be detected by appropriate 

1 Frost and Sullivan. 1997. "FFTF Medical Isotopes Market Study (2001-2020)". PNNL-11774. 

2 American Cancer Society. "Cancer Facts and Figures" . 1997 
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1 instrumentation and subsequently provide an image for the physician to work 
2 with. These images can be analyzed and correlated with clinical experience. 
3 

· 4 Nuclear medicine imaging procedures often identify abnormalities very 
5 early in the progression of a disease. For many medical problems, this 
6 detection allows a disease to be treated early in its course, reducing the 
7 cost of treatment and allowing a more successful prognosis .' Without question, 
8 diagnostic procedures using radiopharmaceuticals have dramatically improved 
9 the patient care in our health care system and have also eliminated untold 

10 costs. Diagnostic radiopharmaceuticals have become an integral part of 
11 patient care. 
12 
13 There are over 50 different radiopharmaceuticals compounds, each specific 
14 to a certain diagnostic application, that have been approved for diagnostic 
15 procedures by the Food and Drug Administration. The most commonly used 
16 product is technetium (Tc-99m); it is employed in over 70 percent of all 
17 diagnostic procedures. 
18 
19 1.2 Bone Pain Relief 
20 
21 Over 50 percent of all prostate, breast, and lung cancer patients 
22 eventually develop metastatic bone cancer. The pain related to this cancer is 
23 tremendous. In addition to progressive pain, the patients also suffer a host 
24 of other symptoms including neurologic deficits, immobility, and loss of 
25 independence, often associated with feelings of depression, fear, and 
26 isolation3

• Interventions to palliate the pain include administration of 
27 narcotic and nonnarcotic analgesics, surgery, radiotherapy, second- and 
28 third-line hormonal agents, and radiopharmaceuticals. Of these interventions, 
29 radiopharmaceuticals are emerging as the treatment of choice due to their low 
30 cost, high pain relief outcomes, and minimal side effects. Most recently, 
31 data from clinical trials suggest that, in addition to the palliative 
32 effectiveness of radi opharmaceut i cal s, treatment al so can modify disease 
33 progression, reducing requirements for future interventions. At the present 
34 time, a limited number of radiopharmaceuticals (e.g., strontium-89, 
35 samarium-53, rhenium-186) are approved (or are in clinical trials) for the 
36 palliative treatment of bone metastases. With about a quarter of a million 
37 new cases of metastatic bone cancer in the U.S. each year, the demand for 
38 isotopes to relieve bone pain will be quite large. 
39 
40 1.3 Therapeutic Isotopes 
41 
42 Recent events, including dozens of clinical trials, show extremely 
43 impressive results and tremendous growth potential for the use of therapeutic 
44 isotopes. It is apparent that the use of therapeutic isotopes to battle 
45 cancer, AIDS, arthritis, and other diseases is on the verge of becoming a 
46 major component of our health care system. Many industry experts expect the 
47 demand for therapeutic isotopes to surpass the demand for di~gnostic isotbpes 
48 in a very few years. However, this demand increase will only occur if a 
49 supply of isotopes is available to perform clinical trials. 
50 

51 3 Cleeland CS. The impact of pain on patients with cancer. Cancer. 1984;54:26, 35-41. 
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1 Development of cell-directed radiation therapy is now at the forefront of 
2 · cancer research. In this innovative treatment, radioisotopes are attached to 
3 monoclonal antibodies that are injected into the patient's bloodstream. The 
4 antibodies seek out and attach themselves to the cancer cells and the 
5 radioisotope then kills the cancer cell with 'cell-directed' radiation. This 
6 method of treatment spares the patient the unpleasant and debilitating side 
7 effects of external - beam radiation or chemotherapy. · 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

Radioisotopes currently used for this application are generally beta 
emitters (unstable atoms that emit radiation in the form of beta particles) 
such as iodine-131 and yttrium-90. Beta emitter trials have been highly 
successful with up to a 93 percent success rate in otherwise terminal lymphoma 
patients4

• However, because beta particles travel a relatively long distance 
in soft tissue, beta particle cancer cell killing power is diminished by 
delivering radiation to non-targeted, healthy cells. 

The preferred isotope for cell directed radiation therapy is an isotope 
that emits alpha particles. Because alpha particles travel a relatively short 
distance (2 to 3 orders of magnitude less than beta particles) in soft tissue, 
the particles spend most of their energy killing cancer cells and cause very 
little damage to non-targeted cells. Alpha particles also cause much more 
damage to the targeted cancer cells than beta particles . This is because 
alpha particles typically are higher in energy and deliver this energy over a 
very short distance. This means that for a given radiation dose, alpha 
particles destroy many more cancer cells than beta particles. Although alpha 
emitters appear to be more effective than beta emitters and have fewer side 
effects, a supply to conduct clinical trials is not available to the medical 
community. 

2.0 THE MARKET FOR MEDICAL ISOTOPES 

Several major studies have been devoted to the analysis of the 
radioisotope market. All of the studies predict significant growth. 
recent study predicts a radiopharmaceutical market of greater than $2 
per year by 20055

• 

The most 
billion 

The medical isotope market has not experienced the growth levels it is 
capable of because key isotopes needed for research, clinical trials, and 
eventual widespread application are not readily available to the medical 
community. This includes several extremely promising therapeutic isotopes for 
the treatment of cancer and other diseases. The development of new medical 
isotopes depends upon their availability in smaller quantities to perform 
necessary research and clinical trials. Only when these trials are completed, 
and the isotope certified by the Food and Drug Administration for use, can the 
market grow . Testimony provided to the Energy and Water Appropriations 

47 4 The Lancet, Vol. 346, August 5, 1995: Phase II Trial of 131I-B1 (anti-CD20) Antibody Therapy with 
48 Autologous Stem Cell Transplantation for Relapsed B-cell Lymphomas. 

49 5 Frost and Sullivan. 1997. "FFTF Medical Isotopes Market Study (2001-2020)" . PNNL-11774. 
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1 Subcommittee (February 1996) by Robert Atcher on behalf of the American 
2 College of Nuclear Physicians and the Society of Nuclear Medicine stated that: 
3 
4 "The nuclear medicine arena developed into a $10 billion dollar a year 
5 health service industry from a small research enterprise funded by the 
6 DOE and predecessor agencies. This industry has been a spectacularly 
7 successful example of the beneficial growth of an industry from federally 
8 funded research .· At this time however, the flow of products and 
9 techniques into the marketplace and into the clinic is threatened by 

10 decreasing support and shrinking research budgets . " 
11 
12 Currently, over 90 percent of all medical isotopes are produced outside 
13 the United States. Foreign dominance of this high-tech business raises 
14 questions about the reliability of supply and our dependence on other 
15 governments for these critical health care tools. 
16 
17 
18 3.0 THE U.S. DEPARTMENT OF ENERGY'S ISOTOPE PRODUCTION AND 
19 DISTRIBUTION PROGRAM 
20 
21 The cornerstone of the U.S. radioisotope production capabilities is the 
22 Isotope Production and Distribution Program that is run by the DOE's Nuclear 
23 Energy Department. In 1994, a National Isotope Strategy was adopted to 
24 reflect the findings of market surveys and customer expectations. Around this 
25 time, a change in legislation ended the requirement that the program achieve 
26 full cost recovery for its isotope production operations. This allowed the 
27 program to return to its original goal~ for producing and distributing a broad 
28 range of medical isotopes to support national research and patient care needs 
29 (without having to narrow the range of isotopes it could produce to those for 
30 which it could achieve full cost recovery). 
31 
32 As the program addresses the increasing demand for medical isotopes, it 
33 has to deal with limitations in the current isotope production capacity and 
34 the 'aging' of the reactors that are capable of producing medical isotopes 
35 (Table 1). Of the reactors that can be used to meet increasing production 
36 demands, the FFTF is the 'youngest' facility, having another 22-30 years of 
37 full operating lifetime remaining. The other facilities are either shut down 
38 or have a projected maximum 10 years of operating lifetime remaining. 
39 
40 
41 
42 
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1 Table 1. Reactor Facilities Used for the Production of Isotopes for the 
2 U.S. Department of Energy. 

3 
4 

5 
6 

7 
8 
9 

10 
11 
12 

13 
14 

15 
16 

17 
18 

19 

Name of 
Reactor 

Advanced 
Test Reactor 

High Flux 
Isotope 
Reactor 

Annual Core 
Research 
Reactor 

Omega West 

K-Reactor 

Fast Flux 
Test Facility 

Location 

Idaho 

Oak 
Ridge 

Sandia 

Los 
Alamos 

Savannah 
River 

Hanford 
Site 

Date of Future 
Initial 
Operation 

1970 Operations should continue well into the next century. 

1965 Operations should continue for _a few more years. To 
significantly extend the life of the reactor, a major 
renovation of the reactor core would be required 
(during which time the reactor would be off-line). 

1969/ A ROD has been issued for a molybdenum-99 
1978. production mission. 

1959 The reactor is shutdown due to a leak in the primary 
coolant system. 

1954 The reactor is shutdown and is not expected to restart. 

1982 The reactor is currently in a standby configuration 
pending a decision by the Secretary of Energy on 
whether to restart the reactor, continue standby, or 
shutdown the facility. 

20 • The Annular Core Research Reactor (ACRR) was originally called the Annular Core Pulsed Reactor (ACPR) 
21 which began operation in 1969. In 1978, the ACPR was upgraded to the ACRR. Because the ACPR and the 
22 ACRR were operated at very low duty cycles the core is essentially new in terms of steady-state operation. 
23 
24 
25 4.0 FFTF AND MEDICAL ISOTOPE PRODUCTION 
26 
27 The FFTF is the world's largest, liquid metal-cooled test reactor. The 
28 term 'fast flux' is indicative of the high energy (speed) of the neutrons 
29 within the reactor core. These high energy neutrons, coupled with the FFTF's 
30 relatively large power output, allow the FFTF to test a variety of materials 
31 and produce many isotopes in amounts and purity levels not attainable in other 
32 reactors. 
33 
34 The flux density of the FFTF is significantly higher than in a light 
35 water reactor. When producing medical isotopes, this results in a high 
36 'specific yield' per target assembly. This means that fewer target assemblies 
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1 are needed to produce the same amount of isotopes . This reduces costs, 
2 exposures to personnel, and the waste burden on the environment. 
3 
4 Radioisotope production in the FFTF has been extensively studied and 
5 demonstrated, with over 40 different isotopes produced for medical and 
6 industrial applications. In 1986, the FFTF produced gadolinium-153 of the 
7 highest purity ever made. This material, which is used to diagnose and detect 
8 osteoporosis, was made by the FFTF to avert a world shortage in 1988 . During 
9 the late l980's, the FFTF produced other isotopes that were delivered to 

10 physicians and hospitals for cancer treatment, diagnostic research, and 
11 cardiovascular and brain studies . 
12 
13 The production of isotopes in a variety of both moderated and 
14 nonmoderated test assemblies has been well demonstrated in the FFTF. 
15 
16 • The materials open test assembly is a nonmoderated vehicle that has 
17 been used extensively for the product i on of a variety of isotopes. 
18 
19 • The cobalt test assembly was an isotope production assembly moderated 
20 wi th yttrium hydride. It was irradiated in Row 7 of the FFTF for 
21 169 days and produced 163,000 curies of cobal t-60. 
22 
23 • The multiple isotope production experiment demonstrated the FFTF's 
24 capability to produce plutonium-238, californium-252, and 25 other 
25 marketable medical and industrial isotopes. 
26 
27 Extensive effort already has been devoted to designing new types of 
28 assemblies to further enhance production capabilities at the FFTF. This 
29 experience base can be used to design and fabricate new isotope production 
30 assemblies that can be tailored to address market needs for a broad range of 
31 isotopes . · 
32 
33 When compared to other domestic sources of radioisotopes, the FFTF has 
34 several advantages. 
35 
36 • The FFTF has the largest volume for irradiation and the highest total 
37 flux of ariy of the DOE reactors . 
38 
39 • The FFTF can produce high-specific-activity isotopes for most of the 
40 high demand applications better than other suppliers. This includes 
41 all of the leading candidates in the therapeutic arena (e .g., 
42 phosphorus-32, palladium-103, strontium-89, samarium-153, rhenium-186, 
43 actinium-227, iodine-131, and thorium-229) . Some of these isotopes 
44 such as rhenium-186 require a very 'high' high- specific-activity for 
45 certain applications. The FFTF can produce large quantities of these 
46 isotopes to the high-specific-activity specification required. 
47 
48 • The FFTF ' s flux spectrum can be tailored to give it a high degree of 
49 flexibility in the production of radioisotopes. 
50 
51 • The FFTF is much newer than other reactors wi t hin the DOE complex . It 
52 has only about 8 years of runtime on the react or and recent analyses 
53 have indicated that it has at least 22 years - and in all probability 
54 30 years - of remaining life. 
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1 The Hanford Site has many strengths that would further enhance FFTF's 
2 production capabilities, such as: 
3 
4 • Availability of excellent facilities for all phases of isotope 
5 production (hot cells, analytical laboratories, the FMEF, etc.) 
6 
7 • Scientific and engineering expertise in isotope production, 
8 separation, processing, analysis, packaging, and shipping 
9 

10 • Regulatory license/approval, administrative and technical procedures, 
11 and expertise to handle large quantities of radioactive materials. 
12 
13 The FFTF can produce large quantities and varieties of radioisotopes in 
l4 concert with a tritium production mission. Here, the flexibility of the FFTF 
15 and the experience in core configuration manipulation, test assembly design, 
16 and isotope production comes significantly into play. The current proposal 
17 provides three in-core positions for medical isotope production. 
18 
19 A candidate list of 30 medical isotopes was used for preliminary planning 
20 of FFTF isotope production activities. For each of these isotopes, detailed 
21 calculations have been made of the quantity that can be produced and the 
22 specific activity that can be achieved in FFTF target irradiation cycles 
23 ranging from 10 to 300 days. Many of these isotopes presently are not 
24 available from U.S. sources (e.g., I-125 and I-131, which are imported from 
25 Canada) or are not available from any North American source in adequate 
26 quantities for therapeutic applications (e.g., Pd-103 for the treatment of 
27 prostate cancer by implantation of radioactive seeds, and Cu-67 for the 
28 treatment of breast cancer, lymphomas, and other types of tumors using the 
29 radiolabeled antibody technique). 
30 
31 From the bounding set of 30 medical isotopes, 20 isotopes are leading 
32 candidates for production at the time of FFTF startup in 2002. This selection 
33 has been based on the market demand projected from the Frost and Sullivan 
34 survey, and the cost of production relative to the anticipated revenues from 
35 isotope sales. These 20 isotopes, and the various disease states for which 
36 these have diagnostic and therapeutic applications, are summarized in Table 2. 
37 
38 
39 
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Table 2. · Diagnostic and Therapeutic Isotope Candidates for Fast Flux Test Facility 
Production Beginning in 2002 and Related Disease Indications. 

Isotope 
Ac-227 

Cd-109 

Cu-67 

Gd-153 

Ho-166 

1-125 

1-131 

lr-192 

Lu-177 

P-32 

Pd-103 

Re-186 

Re-188 

Sc-47 

Sm-145 

Sm-153 

Sr-85 

Sr-89 

Th-229 

Bone pain palliation 

Heart disease 

Disease Indication 

Lymphoma, breast cancer, rheumatoid arthritis , colorectal cancer 

Osteoporosis 

Rheumatoid arthritis 

Heart disease, prostate cancer 

Brain cancer, head & neck cancers, breast cancer, liver cancer, colorectal cancer, melanoma, 
Hodgkin's lymphoma, leukemia, neuroendocrine tumors, neuroblastoma, non-Hodgkin's 
lymphoma, arthritis, heart disease (restenosis), ovarian cancer, pancreatic cancer, thyroid cancer, 
hyperthyroidism · 

Breast cancer, prostate cancer, ovarian cancer, brain tumors, uterine tumors, heart disease 
(restenosis) 

Bone pain palliation, heart disease (restenosis) 

Leukemia, polycythemia vera, bone pain palliation, rheumatoid arthritis, pancreatic cancer, head 
and neck tumors, hepatocarcinomas, ovarian cancer 

Prostate cancer, brain cancer, breast cancer, heart disease 

Prostate cancer, thyroid cancer, bone pain palliation, breast cancer, rheumatoid arthritis, lung 
cancer, colorectal cancer, ovarian cancer 

Heart disease (restenosis), bone pain palliation, thyroid cancer, ovarian cancer, lung cancer, 
colorectal cancer, breast cancer 

Bone pain palliation 

Eye cancer 

Leukemia, spinal cord tumors, bone pain palliation 

Bone pain palliation, bone disease 

Prostate cancer, multiple myeloma, bone metastases, bone pain palliation, heart disease 
(restenosis) 

Leukemia, prostate cancer, melanoma, breast cancer, colorectal cancer, lung cancer, lymphoma, 
ovarian cancer 

Y-91 Leukemia, lymphoma, breast cancer, colorectal cancer, Hodgkin's lymphoma, non-Hodgkin's 
lymphoma 
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1 APPENDIX G.2 
2 
3 
4 THE PROCESSING OF MEDICAL ISOTOPES 
5 
6 
7 Appendix G.2 presents technical information on how irradiated targets 
8 will be processed at the 325 Building. The focus of this discussion is the 
9 chemical separations processes that would be employed to extract medical 

10 isotope products. Separations are needed to support the safe, efficient, and 
11 timely transport of medical isotope products to pharmaceutical distributors. 
12 
13 The processing of medical isotope targets at the 325 Building involves a 
14 variety of physical and chemical operations (as summarized in the main text, 
15 Section 2.2.7). Table 1 provides a list of the medical isotope products and 
16 information important to their processing. This information includes the 
17 product's half-life, the daughter material that the medical isotope turns into 
18 as a result of radioactive decay, other impurities -that might exist in the 
19 irradiated target, chemical methods used (if required) to separate the product 
20 from its target or impurities. Table 1 also provides preliminary information 
21 on the type and location of equipment that would be used to process the 
22 targets. Information also is provided on the solid and liquid waste volumes 
23 that would be generated in processing the targets. 
24 
25 Table 1 is divided into two sections, the top section describes the 
26 chemical separations required when the medical isotope product and the target 

. 27 are different isotopes of the same element. In this case, the target and the 
28 isotope product cannot be chemically separated and any chemical separations 
29 that are required are only designed to remove impurities from the target. The 
30 bottom section of the table describes the chemical separations required when 
31 the medical isotope product and the target are different elements. In such 
32 cases, the isotope product is chemically separated from the target to enhance 
33 the purity of the product and to recycle expensive target material. 
34 
35 Exhibit 1 presents information on the processing of targets that do not 
36 require chemical separations. Figure 1 presents a flow diagram of the 
37 process. Exhibit 2 presents information on the processing of Cd-109. 
38 Exhibit 3 presents information on how 1-125 would be processed at the 
39 325 Building. Figure 2 presents a schematic of an 1-125 capture system that 
40 could be used to collect 1-125 at the FFTF. Exhibit 4 presents information on 
41 the processing of Cu-64. Figure 3 presents a schematic on the recovery of 
42 Cu-67 by electrodeposition. Exhibit 5 presents information on the processing 
43 of Gd-153. Figure 2 presents a flow diagram of the process. Exhibit 6 
44 presents information on the processing of Ac-227, Th-228, and Th-229. 
45 Figure 5 presents a flow diagram of the process. 
46 
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Table 1. Top 30 Medical Isotope Products from FFTF( 1 I 
Per Year. 

Same Product ~ ~ See;arations lsotoee Ci/Yr ~ Ci Processed B!:!!22 Rm 30 Rm 30 325A Vol.Waste. ft3 

! !Target) Hall-life Daughter lmpurties R~uired!2) Seearation Method!3) 2005 lrrad. Time. d came.lyr eer cameaign 325A 325B Hot C GBox Hood PbGB Hood !Lig .£Solidl !51 

3 Cd-109 ICd-1 081 462 d Ag,109 Ag Yes AgCI precipitation 4,000 400141 1 X X 0/1 

11 Lu-1 77 llu-1761 6.68 d Hf-177 Yb, Hf, Eu Yes Difficult Separation 100 25 10 10 X X 0/1 

12 Mo-99 IMo-981 2.75 d Tc-99 Tc No -- 300,000 10 25 _12,000 X X 0/10 

13 Os-194 IOs-192) 6 yr lr-194 Ir, Pt Yea Method not identified 26 40014) 1 26 X X 0/1 

16 Pd-103 IPd-102) 17 d Rh-103 Rh, Ag No -- 27,000 50 5 5,400 X X 0/1 

17 Pt-195m1Pt-195) 4 .02 d Pt-195 Ir, Au No -- 50 50 25 2 X X 0/5 

18 Re-186 IRe-185) 3 .78 d Os/W-186 W, Os No -- 70,000 50 25 2,800 X X 0/5 

20 Se-75 ISe-74) 120 d As-75 As No -- 100 200 1 100 X X 0/1 

22 Sm-153 ISm-152) 1.93 d Eu-153 Eu No -- 2,000 '10 25 80 X X 0/5 

23 Sn-117m1Sn-116) 13.6 d Sn-117 None No -- 1,000 50 25 40 X X 0/5 

25 Sr-89 ISr-88) 50.5 d Y-89 Rb, Y Yes Dissolution & IX or SX 1,000 100141 25 40 X X 0/5 

28 W-188 IW-186) 69.4 d Re-188 Ta, Os No -- 33,000 20014) 6 5,500 X X 0/5 

29 Xe-1 27 IXe-126) 36.4 d 1-127 I Yes Gas Capsule 500 10014) 25 20 0/1 

7 Ho-166 IHo-165) 26.8 h Er-166 -- No Dissolve HN03/HCI; 1,000 10 25 40 X X 0/1 
evaporate, take up 0 .1 M 

HCI 

10 lr-192 Ur-193) 73.8 d Pt-192 Os-192 No HN03/HCI Dissolution 2E+06 30014) 6 3 .3E+05 X X 0/5 

2 Au-198 IAu-197) 2.7 d Hg-198 -- No -- 4,500 10 25 180 X X X 0/1 

21 Sm-145 ISm-144) 340 d Pm-145 Pm,Nd No -- 100 300 1 100 X X 0/1 

24 Sr-85 ISr-84) 64.8 d Rb-85 Kr-85 No -- 500 20014) 25 20 X X 0/5 

Different Product Product Product Seearationa , ffarget! Half-Life Daughter lmeurities Reguired p I Seearation Method!21 

4 Cu-64 IZn-64) 12.7 h Zn/Ni-64 Zn Yea Diss/Elec Depo/lX 540 10 25 22 X X 0/10 

5 Cu-67 IZn-67) 2.58 d Zn-67 Zn Yea Diss/Elec Depo/lX 210 10 25 8.5 X X 0/10 

14 P-32 IS-32) 14.3 d 5-32 s Yes Distil and IX 800 50 5 160 X X X 0/5 

8 1-1 25 IXe-1 24) 60.1 d Te-125 Xe Yes Gas flow-carbon trap 14,000 200 17 824 At FFTFlgas loop) 0/1 

9 1-131 ITe-130) 8 .04 d Xe-131 Te Yes Gas Trap 6,000 25 10 -600 X X X 0/5 

1 Ac-227 IRa-226) 21 .8 y Th-227 Ra, Th Yes Ion Exchange 200 200 1 200 X X X 0/5 

26 Th-228 IRa-2261 1.91 y Ra224 Ra, Ac Yes Ion Exchange 1,000 200 1 1,000 X X X 0/5 

27 Th-229 IRa-226) 7.3E3 y Ra-225 Ra, Ac Yes Ion Exchange 0.04 200 1 0 .04 X X X 0/0 

6 Gd-153 IEu) 241.6 d Eu-153 Eu, Sm Yes Pree, IX band displa . 6,000 300 1 6,000 X X X 10-100/10 

15 P-33 IS-33) 25.3 d 5-33 s Yes Dist/IX 500 100 2.5 200 X X X 0/5 

19 Sc-47 ITI-91) 3 .34 d Ti-47 Ca, Ti Yes IX/Sol Extra. 1,000 10 25 40 X X 0/1 

30 Y-91 (Zr-91 I 58.5 d Zr-91 Zr Yes IX/Sol Extra . 100 200141 25 4 X X 0/1 

LA Bray 

FFTF/top30 
(1) Processing campaigns per year are based on ½ t and irradiation time required. Minimum Facilities Required uses 325B hot cells for all receiving, dissolve and ship 

isotopes. Multiple targets are suggested for short ½ t isotopes requiring frequent processing to maintain a supply throught the year. 
(2) Excluding dissolution of target. 
(3) No = not identified based on initial investigation . (May depend on target purity and/or customer requirements.) 
(4) Multiple targets required. 
(5) Cladding not included. 

::c: 
:z 
"Tl 
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Exhibit 1. Products Requiring No Separation6 

_jj_ Product 

12 99Mo 

16 103Pd 

17 195mpt 

18 186Re 

20 75Se 

22 153Sm 
23 117msn 

28 188W 

7 166Ho 

10 192 Ir 

2 198Au 

21 145Sm 

24 85Sr 

Curies per 
Campaign 

12,000 

5,400 

2 

2,800 

100 

80 

40 

5,500 

40 

3.3E5 

180 

100 

20 

Target Irradiation Campaigns 
Material Time Per Year 

98Mo 

102Pd 

195pt 

1asRe 

74se 

152sm 

116Sn 

1a6w 

165Ho 

193Ir 

197Au 

144sm 

84Sr 

10 d 

50 d 

50 d 

.50 d 

200 d 

10 d 

50 d 

200 d 

10 d 

300 d 

10 d 

300 d 

200 d 

25 

5 

25 

25 

1 

25 

25 

6 

25 

6 

25 

1 

25 

Separation Method: The capsule containing the irradiated target material 
will be opened by cutting. The target material will 
be dissolved using HNO3, HCl or a combination of both 
acids. The dissolved material will be evaporated to 
near dryness to remove the acid . The resulting salt 
will be redissolved in dilute acid, analyzed, and 
shipped. 

Separation Facilities: All of the irradiated targets, requiring no 
separation, will be transferred to the 325B analytical 
hot cells, cut open, dissolved, the solutions analyzed 
(inductively coupled plasma, gamma energy analysis, 
and alpha energy analysis; if appropriate), and 
aliquots of the dissolved targets will be placed in 
appropriate shipping containers. 

Liquid Waste: All liquid waste will be neutralized and captured on a 
solid absorbent as solid waste. 

Solid Waste: 1 to 5 cubic feet per year per product. 

6 No processing required, based on initial investigation (depending on target purity and/or customer requirements). 
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DISSOLUTION OF Ho-165/Ho-166 TARGET FOR SHIPMENT* 

Ho203 

V 

+ HCVHN03 ~ : Dissolution I 
Mixture 

..... 

-so-90°c 
1-2 hrs 

H 

Evaporate - I Take up in ~ 

to dryness 
~ 1 0.1M HCI 

,, 
PRODUCT 
0.1M HCI 
Ho-165 
Ho-166 

Ho-166m 
Dy-166 

*Example of same target & product requiring no chemical separation. 

Figure 1. A Flow Diagram for Processing a Target That Does Not Require 
Chemical Separations. 
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Exhibit 2. Product #3: 109Cd from 108Cd 

Target Material: CdO powder 

Product : 4,000 Ci 109Cd per year 

Campaigns: 1 per year 

Irradiation Time: 400 days 

Separation Method: The target material is separated from the cladding by 
cutting, followed by dissolution of the CdO with HCl 
acid. The Cd and impurities are loaded on to a 
Dowex7 50-XB cation exchange column from a O.lM HCl 
solution. The Cd is selectively eluted with 0.2M HCl 
(>95% recovery) . 

Separation Facilities: The irradiated targets will be transferred to the 
325 Building hot cells, cut open, dissolved, the 
solutions analyzed, and the dissolved targets will be 
further purified in a mini-hot cell or lead glovebox. 

Liquid Waste: All liquid waste will be neutralized and captured on a 
solid absorbent as solid waste. 

Solid Waste: 1 cubic foot per year. 

Separation and Purification8 

Step 1: 

Step 2: 

The 109Cd oroduced from enriched 108Cd will contain small amounts 
of 6°Co, 65Zn and 110mAg, along with 109Cd and 115mcd. 
The cadmium oxide is removed from the quartz capsule, dissolved in 
HCl, and diluted with H20 to O.lM HCl. 

The impurities and Cd are adsorbed on a Dowex 50-XB cation 
exchange column. The cadmium is selectively eluted with 0.2M HCl. 
The solution is analyzed (inductively coupled plasma, gamma energy 
analysis) and aliquots of the product solution placed in 
appropriate shipping containers. · 

7 Dowex is a trademark of Dow Chemical Company. 

8 Based on: R. E. Lewis and T. A. Butler. 1968. "Reactor Production and Characterization of Cadmium-109" , ORNL-4247, Oak 
Ridge National Laboratory, Oak Ridge, 1N. 
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Exhibit 3. Product #8: 125 ! 

Target Material : 124Xe Gas 

Product: 400 Ci 125 I per week 

Campaigns: Continuous (2 separations per week) 

Irradiation Time: 

Separation Method: 

2.5 hours 

The method of production and separation is based on 
the irradiation of 5 liters of enriched 126Xe for 
approximatel~

5
2.5 hours; trapplm the irradiated gas; 

letting the 2 Xe gas decay to I for approximately 
2 days; distilling off }J!e inert gases; chemically 
reacting to remove the I from the wall of the 
cryotrap; and final processing, packaging and shipping 
of the product . 

Separation Facilities: The production, separation, and shipping facilities 
will be at FFTF. The conceptual system is shown in 
Figure 2. The system consists of several cold traps 
(cryotrap), flow restrictors, the materials open test 
assembly gas canister, and a processing system 
(glovebox and cryopump). 

Liquid Waste: None. 

Solid Waste: 10 cubic feet per year of silver-loaded zeolite. 

Separation and Purification Concept9 

Step 1: 

Step 2: 

Once the system is ready, the 124Xe gas bottle valve is opened. 
The rate of fl ow is contro 11 ed by the fl ow restri ctors located 
downstream and upstrr;~m of the materials open test assembly 
canister. Once t~e 2 Xe bottle is empty, Kr gas is valved in and 
used to push the 24Xe first through the gas li~e and next through 
the materials open test assembly canister. Once the gas has been 
pushed through the downstream materials open test assembly flow 
restrictor, the gas flows through the iodine trap to the cryotrap, 
which will be l"aintained at~ low temperature ~nd result in a low 
pressure (<10- torr). The 1 4Xe, transmuted 12 Xe and some Kr 
'pusher' gas will be absorbed on the cryotrap cold surface. The 
cryotrap inlet valve is closed and the Kr in the gas lines will be 
evacuated to the Kr cryopump. 

fiz~ter about 2 days with the 125Xe (17 hour half-life) decaying to 
1 I (60 day half-life), the cryotrap downstream valve is opened . 
and the cryotrap is warmed to first distill off the 124Xe to the 
Xe cryopump, and then any Kr to the Kr cryopump. The product 125 ! 
remaining in the cryotrap is chemically reacted and the product is 
analyzed, processed, packaged, and shipped. 

9 Based on: BR Brager. January 16, 1992. "Feasibility ofi-125 Production in the FFfF" , with reference to: DSI, "Description & 
Issues of proposed FFfF 1-125 Production System", Dated January 9, 1992. · 
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1-125 PRODUCTION AT FFTF USING X-124* 

FFTF 
Shielcfing wall 

Vacuum puR'4) . j/' Gas 

/ Cold Trap Circulating oump 

. ',151 / / 
/ 

Decav chamber 

• Concept of Gas Loop required at FFTF. 

REF: Jerzy Ludziejewski and Ryszard Luszczynsk. 1969 
"Application of the Gas Loop for Production of Radioactive Isotopes in the Reactor·, 
Nukleonika, VoL 14, (7-8), pp 138-142. 

Figure 2. Schematic of an I-125 Capture System for Fast Flux Test Facility. 
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Exhibit 4. Product #4 and #5: 64Cu and 67Cu 

Target Material: Zn0 

Product: 64Cu (22 Ci); and 67Cu (8.5 Ci) per year 

Campaigns: 25 per year 

Irradiation Time: 10 days 

Separation Method: The target is removed by cutting the capsule 
containing the irradiated zinc oxide. The oxide is 
dissolved with sulfuric acid. The sulfuric acid 
solution is placed in an electrochemical cell and the 
copper is deposited on a platinum electrode. The 
platinum electrode is removed from the electrochemical 
cell and 64Cu or 67Cu is dissolved from the surface by 
immersing the platinum electrode in HN0l. The zinc is 
converted to the oxide and returned to rFTF. 

Separation Facilities: The capsule containing the irradiated Zn0 target is 
transferred to the 325A lead shielded glovebox, cut 
open, and the Zn0 dissolved. Aliquots of the analyzed 
final product solution will be placed in appropriate 
shipping containers using open fume hoods. 

Liquid Waste: All liquid waste will be neutralized and captured on a 
solid absorbent as solid waste. 

Solid Waste: 10 cubic feet per year . 

Separation and Purification10 

Step 1: The Zn0 target is dissolved in IM H2S04 and transferred to the 
electrochemical cell. After 30 minutes, when the Cu has been 
completely deposited, the target solution still containing the 
zinc is removed and replaced with fresh acid and deposition is 
continued for an additional 30 minutes. This step is repeated for 
a second time. The deposited Cu on the platinum electrode is the 
removed from the cell and dissolved by immersing the electrode in 
concentrated HN03 for 1-2 minutes. This solution is evaporated to 
near dryness to remove the strong acid. The dried product is 
redissolved in an appropriate acid. The solution is analyzed 
(inductively coupled plasma, gamma energy analysis, and alpha 
energy analysis; if appropriate) and aliquots of the final product 
placed in shipping containers. 

JO Based on Mirzadeh, S. and F . F . Knapp, Jr. 1992. "Spontaneous Electrochemical Separation of Carrier-free Copper-64 and 
Copper-67 from Zinc Targets", Radiochemica Acta, Vol. S7(4), 193-9. 
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Exhibit 4. Product #4 and #5: 64Cu and 67Cu (cont.) 

Step 2: The zn+2 contained in the spent electrochemical solution is 
recovered and converted back to Zn0 and returned to FFTF for 
re-irradiation. If other unwanted metal ions are found in this 
solution, the Zn+2 will be purified by ion exchange before oxalate 
precipitation and calcination to the oxide. 

Liquid Waste : High-level liquid waste will contain Zn, acetic acid, 
45 Ci of Eu per Ci of Gd product separated, and 
NH~DTPA organic complexant (280 to 3,000 liters per 
6,000 curies of Gd recovered). 

Solid Waste: 10 cubic feet per year. 

Separation and Purification11 

Step 1: 

Step 2: 

Step 3: 

Dissolve the Eu203 using acetic acid. With argon sparging, 
contact the solution with amalgamated zinc (Jones Reduction) to 
reduce the Eu(III) to Eu(II). Add sulfate to precipitate the 

. Eu(II), separating it from Sm(III) and Gd(III). 

Take the resulting Gd, Sm and <0.1% Eu solution and separate the 
Gd using band-displacement cation exchange chromatography. NH4 -

buffered chelating agents such as nitrilotriacetic acid (NTA) or 
diethylenetriamine-pentaacetic acid (DTPA) are used to fractionate 
Gd/Sm/Eu using a zinc loaded cation exchange column. 'Cold' Eu 
may be added to dilute out any remaining Eu-152/156. 

The purified Gd-product solution will be transferred into a 
shielded glovebox from the high-level cells for oxalate 
precipitation, calcination to the oxide, and pressed into pellets. 

11 Based on L. A. Bray , E. J. Wheelwright, and R. J. Elovich. 1989. "Large-Scale Purification of Gadolinium-153" , Invention Report 
E-873 , Pacific Northwest National Laboratory, Richland, WA. 
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RECOVERY OF Cu-67 BY ELECTRODEPOSITION 

LEFT HALF CELL 

Pt ELECTRODE 

RIGHT HALF CELL 

,,,,,.... FINE FRITTED GLASS 

- Pt MESH 

Zn TARGET SOLUTION 
- (c...a7 • IM H2S0. + 0.1M ZnSO.J 

Apparatus for Spontaneous Electrodeposition of Carrier-free Cu-67. 

REF: S. Mirzadeh and F. F. Knap, Jr. 1992. "Spontaneous Electrochemical Separation of 
Carrier-free Copper-64 and Copper-67 from Zinc Targets•, Radiochimica Acta, 
Vol. 57, pp 193-197. 

Figure 3. Recovery of Cu-67 by Electrodeposition. 

911121.1316 G. 2-10 



HNF-1855, Draft B 

1 Exhibit 5. Product #6: 153Gd from Eu and Sm 
2 
3 Target Material: Eu203 Pellets 
4 
5 Product: 6000 Ci Gd-153 per Campaign (Gd203) 

6 
7 Campaigns: 1 per year 
8 
9 Irradiation Time: 300 days 

10 
11 Separation Method: Separation of the pellets from the cladding by 
12 cutting, dissolution of the Eu 03 pellets with acid, 
13 removal of 99.9% of the Eu isolopes precipitation of 
14 Eu with sulfate, and ion exchange band displacement to 
15 separate 0.1% of the remaining Eu, Sm and Gd into 
16 fractional purified bands. The final Gd product is 
17 precipitated with oxalic acid, dried, and heated to a 
18 high temperature to reduce the oxalate to Gd203 • 

19 
20 Separation Facilities: 325A hot cell for the initial separation from Eu, 
21 followed by ion exchange band displacement in a 
22 heavily shielded _glovebox in the 325A complex. 
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SEPARATION AND PURIFICATION OF Gd-153 FROM Eu AND Sm 

Eu2O3 target is 
irradiated to produce: 

90 wt% Eu2O3 
9 wt% Gd 
2wt% Sm 

+ Acetic Acid, perform Argon sparging at 
80°C for ~2 hours to create a solution of: 
0.1 M Eu, 0.01 M Gd, and 1 M Acetic Acid 

Add DTPA or NTA 

Use cation exchange 
column Zn-Farm 

r- -------------- Zn Sm Eu 
Add 1.8 g Zn-Hg per 
1 g Eu2O3 to reduce 
Eu(III) to Eu QI), use 
8-30 mesh Zinc 
metal amalganated 

Sparge 1-3 hours 
with Argon 

Add 2M Li8O4 
solution to make 
dissolver solution 
0.5M 804, with 
Argori sparging 

At 8D°C filter out . 
EuSO4 precipitate 
using a stainless 
steel filter 

Remaining in 
_ _ _ _ _ _ _ _ _ _ solution is:· 1-------~ 

99% Gd 
99% Sm 

~0.1% Eu 

Oxalic Acid Filter 

700-900°C 
waste 

Product 
Gd Oxide 

Figure 4. 
Eu and Sm. 

A Flow Diagram of the Separation and Purification of Gd-153 from 
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Exhibit 6. Products #1, 26, 27: 227 Ac and 2281229Th from 226Ra 

Target Material: RaC03 (
226Ra) 

Product: 200 Ci 227Ac; 1,000 Ci 228Th(0.04 Ci 229Th) per Campaign 

Campaigns: 1 per year 

Irradiation Time: 200 days 

Separation Method: The capsule containing the irradiated target (RaC03 ) 

material will be opened by cutting. The carbonate 
will be dissolved with acid. The radium will be 
separated by nitrate precipitation and filtration. 
The remaining Th, Ac and Ra in solution will be 
purified using ion exchange separation. The radium 
will be recovered using carbonate precipitation for 
return to FFTF. 

Separation Facilities: Room 30 in the 325 Building will be used to process 
the radium target. The room will contain a high-level 
hot cell connected to radon capture facility, a leaded 
glovebox, and an open face hood. 

Liquid Waste: All liquid waste will be neutralized and captured on a· 
solid absorbent. 

Solid Waste: 10 cubic feet. 

Separation and Purification 

Step 1: 

Step 2: 

Remove the carbonate from the metal capsule and dissolve it in 
dilute nitric acid. Add 80% HN03 to the mixture to precipitate 
the radium as Ra(N03 ) and filter. Add H20 to redissolve the 
radium precipitate. ~dd (NH )2C03 to the dissolver solution to 
precipitate the rec.overed RaC03 • Filter and dry the carbonate and 
reincapsulate the radium for return to FFTF. 

The 12M HN03 filtrate from the Ra(N0~) 2 precipitation containing 
thorium, actinium, and traces of radium is adjusted with H20 to 8M 
acid and loaded on to an anion exchange column. The thorium is 
held on the column allowing the Ac, Ra, and other impurities to be 
captured in the effluent. The purified thorium is eluted from the 
anion exchange co 1 umn with 0. 35M HN03 • The 2281229Th can be shipped 
in an acid solution or as a dried nitrate solid. 
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l Exhibit 6. Products #1, 26, 27: 227Ac and 2281229Th from 226Ra (cont) 
2 
3 
4 Step 3: The 227 Ac and traces of radium, found in the effluent so 1 ut ion 
5 from the anion exchange purification of thorium, is evaporated to 
6 dryness and redissolv~d in 0.03M HN03 • This solution is loaded on 
7 to a EiChroM resin column and the effluent containing the radium 
8 returned to Step #1 for carbonate precipitation. The resin column 
9 containing purified 227 Ac is e 1 uted with O. 35M HN03 • The 227 Ac can 

10 be shipped in an acid solution or as a dried nitrate solid . The 
11 227Ac also can be used 'onsite' as the 'cow ' for the recovery and 
12 shipment of 223Ra . · 
13 
14 
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Separation and Purification of Ac-227 and Th-228 from Ra-226 

FILTER 
AND DRY 

FFTF TARGET 
Ra-226 Carbonate 
Ra-227/228/229 
Ac-227/228/229 
Th-227/228/229 
and daughters 

Dissolve Ra(NO3)2 

Add (NH4)2CO3 
to precipitate 

RaCO3 

Recycle RaC03 

Product 
Ac-227 

Trace Ra 
(impure) 

Filtrate 
Th(NO3)4 
Ac(NO3)3 

Ra(3.6E-05 g/mL) 
12M HNO3 

'Anion Exchange 
Column 

NO3 form and 
thorium remains 

Eluant 
Product is: 

Th-227 
Th-228 
Th-229 

evaporate 
near dryness 

Feed: Ra-226/Ac-227 

Add H2O 
to adjust 

to BM HNO3 

ELUTION 
0.35M HNO3 

Column 
EIChroM 
LN Resin 

Elution 
-----i0.35M HNO3 

Ac-227 remains 

Loading Effluent 
Ra-226 Trace 

Eluant 
Product is : 

Ac-227 

Figure 5. A Flow Diagram of the Separation and Purification of Ac-227, 
Th-228, and Th-229 from Ra-226. 
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