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drifts. In effect, a drift filled with the cooler waste packages would see conditions similar to the 
long-term ambient conditions. The potential for separate emplacement of hotter and cooler 
waste packages avoids the need for a careful staging and sequencing of the emplacement of DOE 
and commercial waste packages assumed in the Viability Assessment design and the higher areal 
mass loading EDAs. 

Technical and Programmatic Flexibility-The recommended design provides very good 
programmatic flexibility to adapt the program to changes, while allowing focused progress 
toward a design that can be licensed with a high degree of confidence if the site proves suitable. 
Possible factors leading to such changes include new scientific and engineering knowledge or a 
shift in national priorities that may dictate a change in repository capacity or time of repository 
closure. The recommended design provides a path forward that can accommodate future 
revision of major program goals or repository design attributes. 

The recommended design offers this flexibility in several ways. For example, transition to either 
higher or lower temperature goals is possible should these be deemed appropriate later. Little 
additional technology development would be required, since the recommended design and EDAs 
I and V use similar blending facilities and a waste package design with identical shell materials 
and thicknesses. No additional site characterization would be needed for transition to lower 
temperature goals by extending the preclosure ventilation period. Some additional performance 
assessment work would be required to deal with the greater extent of thermal perturbation 
associated with higher temperature goals. In addition, the long preclosure ventilation period 
allows time to gather additional data that might support modifications to the repository before 
closure. For example, provision of defense in depth through a drip shield added only at closure 
allows for optimization based on further data and analysis during the preclosure period. Finally, 
although the design requires 40 percent more area than the Viability Assessment design, it could 
accommodate 105,000 metric tons of waste, if such an increase in capacity is authorized, within 
an area that has already been characterized. 

Cost-The estimated cost of the recommended design is similar to the cost of the higher areal 
mass loading designs and is 25 percent lower than the very low temperature design of EDA I. 
Although the estimated cost is about 20 percent higher than the Viability Assessment design, 
most of these costs are associated with fabrication and emplacement of the drip shield and 
installation of backfill. These costs would not be incurred until closure of the repository, because 
technical and fiscal considerations favor emplacement as late as possible. The net present value 
cost of the recommended design, which takes into ac.count the long delay in the expenditures on 
the drip shields and backfill, is only about 8 percent higher than the net present value cost of the 
Viability Assessment design. 
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Instrument Tube& d 
Figure 4-21. Typical Pressurized-Water Reactor Fuel Assembly 

Figure 4-22. Consolidated and Canistered Fuel Rods in Waste Package 
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A brief description, the ratings and their technical bases, and a cost estimate for each EDA are 
provided in Sections 5.3.1 through 5.3.5.2. The use of the evaluation for making the EDAs is 
discussed in Section 6.1. 

5.3.1 Description of Enhanced Design Alternative I 

EDA I was a low-temperature concept (CRWMS M&O 1999v), the lowest of the five EDAs. 
The purpose for considering a low-temperature design was to remove the uncertainties and 
modeling difficulties associated with above-boiling temperatures (temperatures greater than 
96"C, the boiling point of water at the repository altitude). Lower temperatures mean less 
disturbance to the subsurface environment. Reducing heat-induced alterations of the natural 
barriers should also reduce the uncertainties about performance in the very long term after the 
temperatures in the potential repository have returned to levels close to what existed before the 
waste was emplaced. This EDA would eliminate the phase change that occurs at the boiling 
temperature of water and would limit the coupled effects of thermal, hydrological, and 
geochemical processes that are often more pronounced in above-boiling temperature 
environments. Also, the period of time that the waste packages would experience temperatures 
close to the boiling point of water would be relatively short (hundreds of years following 
closure), followed by cooler temperatures. A thermal calculation for this EDA found that the 
peak drift wall temperature of 94°C occurred about 300 years after closure. This temperature 
regime would place waste packages in a relatively benign environment. 

The goals of EDA I were to ensure that the drift wall temperatures remain below the boiling 
point of water and to keep the fuel cladding inside the waste packages below 350°C. There was 
no temperature goal for the surface of the waste package. These goals were achieved for the 
EDA I design by limiting the areal mass loading to 45 MTHWacre, increasing the size of the 
potential repository to 1,400 acres (most of the area that has been characterized to date), and 
using smaller waste packages. The drift spacing was 43 m from the drift centerlines, with an 
average end-to-end waste package spacing of 3 m. In this design, drift spacing was a relatively 
insensitive factor; the critical factor was the spacing between waste packages. Preclosure 
ventilation for this EDA would use two intake air shafts and three exhaust shafts in addition to 
the access tunnels. 

In order to limit the heat output of the waste packages for the thermal goals specified, EDA I 
used smaller waste packages for commercial spent nuclear fuel than the other EDAs. The 
selected waste package size was the 12 PWR, 24 boiling-water reactor size. The waste package 
design for this EDA consisted of two layers, with Alloy-22 on the outside and SS-316L on the 
inside (see Figure 5-2). EDA I used point loading to take advantage of the flexibility in waste 
package spacing to control the drift temperature. Blending would reduce the maximum thermal 
output from a waste package to 6.7 kilowatts. A 2-cm-thick Ti-7 drip shield was included with 
the design to provide defense in depth for the postclosure performance (see Figure 5-3). Because 
of its low preclosure temperatures, EDA I could be amenable to allowing human access to the 
drifts and waste packages in the case of an off-normal event. Human access would be possible 
by blast cooling (20 m3/s) a single drift and by the selective placement of portable shielding 
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Aspects of construction, operations, and maintenance that made a relatively small contribution to 
the ranking include performance confirmation and off-normal access requirements. Four EDAs 
received equivalent ratings for performance confirmation, while EDA I received a higher rating, 
because it may be possible to eliminate the drifts dedicated for performance confirmation 
measurements and activities. The lower thermal effects of EDA I could permit the appropriate 
instrumentation to be located directly in the emplacement drifts; however, this was considered a 
minor benefit and had a very small influence on the overall construction, operations, and 
maintenance evaluation. Off-normal access requirements varied among the ED As but were 
considered primarily as having cost implications, rather than being significant for the 
construction, Operations, and maintenance criterion. 

Ranking 

EDA V received the highest ranking of the EDAs for the construction/operations/maintenance 
criterion. This EDA had the smallest repository area and least drifting and was therefore most 
favorable for worker safety. There were no specific concerns other than blending in the 
subcriteria of constructability, operations, and handling logistics. 

EDA IIIa received average ratings for all but operability, for which it was slightly favored, 
because it did not involve the level of blending used in I, 11, and V. This design was similar to 
the Viability Assessment design, and there are no particular advantages or disadvantages for 
worker safety and constructability. No complex operations are anticipated (e.g., no aging or 
backfill). However, there could be some difficulty with the need to stage and sequence 
emplacement of the relatively cool DOE waste packages so they can be interspersed among the 
hotter commercial spent nuclear fuel packages. This might be required in order to avoid creation 
of cool areas of individual drifts that might become sinks for water driven away from the hotter 
areas. 

EDA I1 was given average ratings for worker safety. There are complexities related to blending 
that may make operations more difficult. Backfill emplacement may be difficult for the 
constructability factor. 

For EDA IIIb, the worker safety and handling logistics ratings are average (similar to the 
Viability Assessment design), with no particular advantages or disadvantages. For 
constructability, EDA IIIb received a lower rating because of potential difficulties in 
constructing the three-layer waste package. The Ti-7-Alloy-22 shrink fit and slip fit with 
stainless steel could require special processes and more steps to inspect. For operability, this 
EDA was given a higher rating because complex operations are not anticipated (Le., no aging, 
blending, backfill). 

EDA I received relatively low ratings in both worker safety (because of more drifts and waste 
package emplacement operations) and in handling logistics (because of a larger number of waste 
packages). No special constructability or operations issues other than blending were anticipated. 
EDA IV received average ratings in worker safety. Because the waste package would be very 
heavy, low ratings were given for constructability, operations, and handling logistics. 
Constructability was given a low rating because the closure weld on the very thick-walled waste 
packages would be difficult to perform and inspect, and the support equipment would be heavier. 
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Galvanic (cathodic) protection of the waste packages and chemical conditioning of the backfill 
were evaluated (CRWMS M&O 1993f; CRWMS M&O 1997a), as were several options for the 
disposal of site-generated waste. 

Various sizes of waste packages (large, medium, and small) and small shielded and unshielded 
waste packages were evaluated, including advanced conceptual design waste packages and 
emplacement options for MPC in-drift and alcove emplacements. Since evaluations were limited 
to in-drift emplacement, borehole emplacement, universal waste containers, and Site 
Characterization Plan/Conceptual Design Report waste packages were dropped 
(CRWMS M&O 1997c; CRWMS M&O 1994a). 

Design options for the waste package have been documented (CRWMS M&O 1996a, Vol. 111). 
Waste packages containing multiple tube-type canisters acting as thermal shunts to aid in 
transferring heat to the waste package shell were also addressed. Interlocking aluminum plates 
used as spent nuclear fuel canisters were proposed to separate the tubes into clustered 
assemblies. 

Following the submittal of the Viability Assessment (DOE 1998b) to Congress in 1998, the 
U.S. Geological Survey also submitted a report (Anderson et al. 1998). This report contained 
several alternative recommendations. For example, steel sets and steel lagging, rather than pre- 
cast concrete, were recommended for drift ground support. Limiting repository temperatures to a 
maximum of 100°C, using natural circulation for postclosure ventilation, and continued and 
continuous monitoring of performance were also recommended. 

Alternative program implementation for constrained funding has been addressed 
(CRWMS M&O 1998d). Alternatives evaluated include options in transporting spent nuclear 
fuel to the repository, developing the repository in modules, and the timing and rates of operation 
of the components of the system. To anticipate and respond to possible funding constraints, the 
U.S. Department of Energy (DOE) has analyzed alternative program implementation approaches 
to reduce the high appropriation requirements expected during construction of the repository 
while retaining the 2010 target date for the start of disposal. The analysis considers ways to 
allow the repository’s capabilities for waste acceptance and disposal to be built in segments, or 
modules, at a lower initial cash flow, so operation can begin at useful levels before full 
capabilities have been constructed. (The modules examined here are based on relatively small 
modifications of the Viability Assessment designs for transportation, surface, and underground 
facilities, rather than new designs developed specifically for the purpose, such as those 
considered in the modular desigdphased construction design alternative described in 
Section 4.3.8.) 

Supportive of many alternative designs, including modular design, is the consideration of lag 
storage. Utilization of lag storage would require revisions to the Civilian Radioactive Waste 
Management System requirements document (DOE 1999) and is a consideration in this study. 
The primary purpose of considering lag storage is to propose ways in which the Monitored 
Geologic Repository (MGR) could enhance thermal management while continuing to accept 
spent nuclear fuel and high-level radioactive waste when there are problems at the MGR (e.g., 
inability to process and emplace waste or inability to unload shipping casks), and to continue 
emplacing waste when deliveries to the MGR are interrupted. Additionally, consideration would 
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