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CONCEPT STUDY: USE OF GROUT VAULTS FOR DISPOSAL 
OF LONG-LENGTH CONTAMINATED EQUIPMENT 

1.0 SCOPE 
This study looks primarily at the potential for using the grout vaults for 
disposal of long-length contaminated equipment (LLCE) removed from the waste 
storage tanks. The advantages and disadvantages of using the grout vaults for 
this purpose will be presented. A secondary interest is the potential for 
disposing of other forms of hazardous or mixed waste such as contaminated soil 
or other forms of equipment. The same concepts and implementation equipment 
may also be useful for these other types of waste materials. 
The vaults will be considered for their potential as a partial alternative to 
the"currently planned disposal concept, but no direct comparisons will be 
drawn. Under the current concept LLCE will be brought to T plant for size 
reduction and decontamination to remove both hazardous and radiological 
contaminants. Depending on the original contamination, the success of the 
decontamination processes, and the ease of achieving debris rule performance 
standards the sections of each LLCE will be disposed of as follows: 

(1) If the piece can be radiologically free-released, it will be sent 
off-site for recycle as scrap metal in accordance with the requirements 
of WAC-173-303-120(2). 
(2) If only the hazardous constituents are removed, the piece will be 
shipped to the burial grounds as low-level waste or to the SEG smelter 
in Oak Ridge, Tennessee. 
(3) If both hazardous and radiological contaminants remain, the piece 
will be packaged and shipped to Central Waste Complex (CWC) for storage 
or encapsulated at T plant and disposed of in the mixed waste trench. 

Some comparison will be made to the concept of disposal in a RCRA Subtitle C 
trench. The similarities and differences between the vaults and a RCRA 
Subtitle C trench help to illustrate the vault option. 
The two primary concerns to be addressed in the study are the ability to 
access the vaults in an effective manner and the acceptability of any vault 
use proposal to the regulatory community. Several concepts were considered 
for gaining access to the vaults for equipment disposal. The advantages and 
disadvantages of each concept are discussed. Regulatory constraints and 
options are also discussed. 
The standby status of the Grout facility and the effect of standby on 
potential vault uses is to be considered. 
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2.0 SUMMARY AND RECOMMENDATIONS 
The basic concept of vault disposal of long length equipment is deemed 
feasible from a technical and functional standpoint. On that basis alone it 
offers a viable alternative for items which can be disposed of without other 
treatment. Feasibility is based on having identified a suitable vault access 
method and on the WHC Environmental Services opinion that monolithic 
encapsulation in grout meets the EPA requirements for land disposal of mixed 
waste debris by macroencapsulation. However, the considerations below cast 
significant doubt on that feasibility. 
The similarity between the proposed grout encapsulation of LLCE and the 
original Grout program for disposal of tank wastes suggests that similar 
opposition should be anticipated. That potential, and the precedent of the 
Grout program cancellation; may make it difficult to gain acceptance of the 
concept. 
Due to that uncertainty it is recommended that both regulatory and public 
involvement be sought early in the evaluation process if the vault disposal 
concept is to be pursued. 
This study considered five vault access options and four regulatory 
alternatives. Three of the access options had some merit but Vault Access 
Option 3 is considered to be the most practical. Of the regulatory 
alternatives. Alternative Two was found to be the most feasible. Alternative 
Four offers some desirable features but would require specific acceptance by 
EPA to be viable. There may be little potential for such acceptance. 
Vault Access Option 3 would open almost the entire top of the vault and cover 
the vault and disposal operations in a building. The LLCE items would be 
brought directly from the tank farms without intermediate processing or cutup, 
and transferred from the shipping container to the building through a port 
without exposure to the outside atmosphere. A single bridge crane would 
handle the LLCE items inside the building and deposit them in the vault. 
Regulatory Alternative Two would consider the vault as a RCRA Subtitle C 
landfill and use grout fill to encapsulate the items in place. Grout could be 
supplied through the existing grout mixing and delivery system or it could be 
delivered pre-mixed from offsite. Either way, some additional grout 
distribution and handling equipment would have to be designed. 
The use of grout encapsulation is expected to require the development of a 
system to bind the shielded receiver bag snugly around the LLCE item to 
prevent balloon-like behavior during grouting. 
Regulatory Alternative Four would also consider the vault as a RCRA Subtitle C 
landfill. In addition, it would consider the basic vault structure as an 
encapsulant around the total mass of debris inside, would utilize loose fill 
and would eliminate the need for grout. As mentioned, EPA acceptance is 
probably doubtful. 
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If use of the vaults is to be pursued it is recommended that regulatory 
alternatives Two and Four be investigated simultaneously to the point of EPA 
acceptance or rejection of Alternative Four. An appropriate choice between 
the two could then be made. 
In considering the vaults for this task it must be realized that disposal of 
long length equipment is only one potential use. there may well be others with 
more benefit and less potential for controversy. 
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Constraints imposed by logistics and throughput capacity of treatment and/or 
disposal facilities can have a major effect on the rate of equipment removal 
from the tanks, and on storage space and shipping container requirements. 
The grout vaults offer potential for disposal of most LLCE items in the 
condition they come out of the tanks, without additional cleanup efforts. Due 
to the lack of cleanup and minimal other treatment effort, the logistics of 
vault disposal would be greatly simplified. It should not be necessary to 
routinely utilize interim storage between the tank farms and the vaults, 
except possibly for Option 4B which would require sending the items through T 
plant for shortening prior to vault placement. Some minor amount of storage 
capacity should be provided to accommodate vault equipment downtime or other 
perturbations. Storage would also be necessary for any LLCE characterized as 
TRU. TRU items are not expected to exceed 10% of the total waste stream. 
Vault disposal would eliminate the generation of secondary waste such as 
discarded flexible receiver bags, treatment process materials, chemicals, 
other liquids, etc. that are associated with many extraction techniques. The 
effort involved in the handling of secondary waste would be reduced. It is 
anticipated that there may be some disposable dunnage associated with the 
shipping container/carriage assembly that will be low level mixed waste. The 
disposal of any such material, possibly in the vaults, should be addressed 
during any further consideration of vault usage. 
Aside from the "normal" secondary waste, vault disposal would add large 
quantities of fill. The volume of this grout or loose fill would be several 
times the volume of the LLCE items being disposed of. 
The most beneficial use of the vaults for LLCE disposal is considered to be 
for disposal in lieu of other treatment. Use of the vaults for disposal 
following treatment at another facility does not appear worthwhile. Any 
consideration of vault use for post treatment disposal would require 
additional study. 
Five different vault access options are discussed, three in detail. The 
options considered were: Hang LLCE vertically through holes in the roof; Open 
a large portion of an end wall; Open virtually the entire roof; Open a small 
portion of the roof; and Open a small portion of an end wall. 
All vault options share the concept of depositing the LLCE items in the vault 
clad only in their flexible receiver bags, no rigid containers are proposed. 
Several different materials were considered for filling the void space around 
the items once they are placed in the vault. Those considered were: 1) Grout 
fill using either clean grout or grout made from contaminated soil. 2) Inert 
loose fill such as sand. 3) Absorbent loose fill such as kitty litter, 
bentonite, etc. 4) Reactive loose fill such as sand/portland cement. 
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It is believed that the concept of using loose fill instead of grout has 
significant merit when used in conjunction wi'th a facility such as a vault. 
Loose fill would be easier to place than grout and would not present the 
delivery system cleanup problems associated with grout. It also offers the 
additional advantage of leaving the disposed equipment in a recoverable 
condition, just in case criteria should change at some future date. 
Only regulatory Alternative Four maintains any prospect for the use of loose 
fill. Since the potential for EPA acceptance of that alternative is 
considered small the use of loose fill is unlikely. 
The volume figures from the Options Study suggest the 1300 anticipated LLCE 
items currently in the tanks plus the 200 new items expected to be installed 
over the next few years could, under ideal conditions, be disposed of in two 
vaults if the full height of the vaults was utilized. Only Option 3 allows 
such full utilization. The vault volume available for use with some of the 
other access options is as low as 50 to 60%. If one of those reduced 
utilization options was used it would be necessary to use at least three and 
probably all four vaults. 
For this approximation the total cylindrical volumes from the Options Study 
were converted to total square volume figures of the same width by multiplying 
by 4/77. This value was divided by the total volume of one vault to get the 
number of vaults required. An adjustment was made to proportion the volume up 
from the 1278 LLCE items in the Options Study to the 1500 now anticipated. 
At first look it appears this approach would result in all items being in 
contact with the adjacent items but this would not be the case. The volumes 
used in the Options Study were derived by considering the LLCE to be cylinders 
of uniform diameter equal to the largest diameter of any feature. In most 
cases, the maximum diameter is the flange or above-the-flange equipment. The 
remainder of the item is much smaller and this difference is considered to 
provide the necessary space between items. 
Regardless of the treatment or disposal method chosen, it would be highly 
desirable to separate the larger diameter "above the tank" portion from the 
remainder of the item right at the tank farm. Such a step would yield a much 
smaller and more uniform diameter for the primary item. The smaller diameter 
would provide benefits throughout the disposal process (smaller shipping 
containers, smaller HICs, reduced storage space, reduced disposal facility 
volume requirements, etc.). Other than mentioning the desirability, this 
study does not address or utilize this concept. 
The volume of tank waste associated with any LLCE is estimated to be very 
small following the internal flush and high pressure spray wash procedures 
used during removal from the tank. The amount of tank waste remaining on the 
largest item considered under the Options Study is estimated by H.L. Roach, of 
WHC Waste, Analytical & Environmental Engineering Support Services, as 
approximately 2,819 in 3. This is less than 0.U of the volume of the LLCE 
(volume as calculated from maximum diameter and maximum length). 
Proportionately lesser amounts would be expected to adhere to smaller items. 



WHC-SD-WM-ES-303, Rev. 0 
Page 9 of 66 

The primary focus of this study is on disposal of the long-length contaminated 
equipment addressed in the Options Study. These comprise approximately 90% of 
the items to be removed from the tanks. Abnormal or over-size components 
should be disposable in the vaults in the same manner as the "normal" 
components. However, the item handling equipment and access ports described 
may not be amenable to these special cases and item specific adaptation may be 
required. 
The vaults have a RCRA Part A Permit and a RCRA Part B permit application for 
the original Grout concept. The Part B Permit application was shelved almost 
immediately following the decision, in Tri Party Agreement negotiations, not 
to use Grout. The permit application would have to be updated for any new and 
different use. Coordination with the Tri Party Agreement staff would be 
needed to put the permit application back on an enforceable schedule. 
Significant expenditures of both labor and time can be anticipated in support 
of permit revision. 
Any proposed use of the grout facility must consider it's present standby 
status. The facility must be maintained in a state that allows it to be 
restarted within two years (following a decision to restart) if construction 
of the new double shell tanks is not to be completed on time and a decision is 
made to resurrect the grout program. This means it must be possible to 
restart Grout until at least the end of 1995. (At that time it would be less 
than two years until the tanks are to be completed; less time than it would 
take to restart Grout). Additional information can be found in the Federal 
Facility Agreement and Consent Order (Tri Party Agreement), Change number M-
60-93-01, and the Grout Facilities Standby Plan, WHC-SD-WM-SSP-005, Rev. 0. 
The standby status requires that at least one vault be maintained during the 
standby period. Two, and possibly three, could be converted for waste 
disposal, or some other use, without affecting standby requirements. 
After initial review of the EPA hazardous waste regulations by the author, 
four regulatory approaches were considered for disposal of LLCE in the vaults. 
They are identified as Alternatives One, Two, Three and Four. 
Alternative One would seek an EPA designation of the vaults as a "No 
Migration" facility in which encapsulation would not be required. This 
designation might allow the use of a loose, reactive or absorbent, fill rather 
than grout. While highly attractive from a functional standpoint, this 
alternative is believed by WHC Environmental Services to be unacceptable based 
on the fact that there has never been a no migration petition approved. 
Alternative Two proposed to consider the vaults as RCRA Subtitle C landfills 
and to macroencapsulate the LLCE in grout. This alternative is currently the 
most viable approach. 
Alternative Three proposed to recognize the flexible receiver bag as 
macroencapsulation and to use loose fill as in Alternative One. It was not 
considered to be viable due to the potential for bag deterioration from long 
term radiation effects. Subsequent information indicated the flexible 
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receiver bag itself would not meet the treatment standards for 
macroencapsulation anyway. 
Alternative Four proposed that the vault structure itself be recognized as an 
encapsulant around the entire mass of debris inside. It would also use loose 
fill. WHC Environmental Services is doubtful this option would be acceptable 
since the waste itself would not be treated prior to placement in the land 
disposal unit (the vault) as the regulations require. (In Alternative two the 
grout is considered "treatment".) 
The significant differences between the construction of the vaults and the 
landfill, construction anticipated by the regulations might support an argument 
that the vaults provide protection equivalent to, or better than, the 
macroencapsulation technology specified by the EPA. Both the author and WHC 
Environmental Services believe EPA acceptance should be solicited although 
there may be little chance for success. 
Document WHC-EP-0063-4, Hanford Site Solid Waste Acceptance Criteria, defines 
category 3 waste and specifies that category 3 waste must be stabilized by 
either solidification or encapsulation in a high integrity container. Since 
it is anticipated that most of the LLCE to be removed from the tanks will be 
category 3 waste (if they have only been subjected to washing and flushing) 
this criteria will usually apply. 
Solidification requires that the waste be thoroughly mixed with the 
solidification medium, therefore it is not applicable to LLCE contaminated 
with category 3 waste. Encapsulation in HICs is the only option. Either 
method is required to maintain its integrity for 300 years. Additional 
information on stabilization requirements, along with references to background 
information on HICs, can be found in WHC-EP-0063-4. 
Disposal in the vaults is considered by the author to meet the requirement for 
category 3 waste if the vault itself is viewed as a massive high integrity 
container. No other containers should be necessary. This is the approach 
taken in this study. 
If this interpretation was to be over-ruled and individual HICs determined to 
be necessary for vault disposal, vault disposal costs and volume requirements 
would increase substantially. Vault disposal would no longer be a viable 
course of action. 
Review of the EPA regulations also suggested that the equipment could be 
disposed of in a RCRA Subtitle C Trench by encapsulating individual pieces of 
equipment in grout. At first consideration this grout could be either formed 
in place at the landfill or poured in a lightweight disposable container which 
could then be placed in the landfill without additional grouting. However, 
the Hanford requirement that category 3 waste be encapsulated in high 
integrity containers (HICs) probably precludes these simplified techniques. 
Grouting, such as grout-in-place or light weight containerized grouting in a 
RCRA trench, is not considered to meet the HIC requirement. A fabricated HIC 
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is expected to be required for such disposal. The HIC could be a carbon steel 
container approximately one inch thick, a reinforced concrete container or a 
suitable polymer container. Concrete or steel HICs would be straight forward 
design tasks but a poly HIC would require significant development and testing 
to assure adequate long term resistance to radiation damage. 
The grout-in-HIC and disposal in a RCRA Subtitle C trench scenario addressed 
in the tables (Other Option), speculates that the LLCE item would be loaded 
into the HIC and the grout installed at the tank farm. This would be a 
formidable task given that a one inch thick steel HIC (equivalent in size to 
the largest shipping container), when loaded with grout and equipment, could 
weigh in excess of 280,000 pounds. The increased cost and complexity 
associated with the use of HICs for disposal of LLCE in a RCRA C trench may 
render that approach economically non-viable. 
While a cursory look at one idea of disposal of LLCE in high integrity 
containers in a RCRA Subtitle C trench indicated it would be very expensive; 
further study could result in a more economical marriage of the HIC and the 
grout in place concepts than the process assumed in this document. Several 
other HIC loading and fabrication scenarios could be explored. A pour-in-
place concrete HIC design might be a consideration. A detailed discussion of 
these scenarios and processes of disposal in a RCRA Trench is beyond the scope 
of this study. 
Additional information on alternate methods of disposal is to be presented in 
a document by R.B. Laws of WHC Solid Waste Disposal which is currently in 
preparation (no number available). 
Other hazardous debris that must be disposed of as mixed waste, and which 
meets debris rule criteria, could be disposed of in the vaults in much the 
same manner as the long-length equipment. Due consideration would have to be 
given to it's compatibility with vault access and item handling devices. Some 
form of packaging would be needed to prevent contamination spread during 
handling. 
Soil could be disposed of in the vaults under the debris rule if primarily 
composed of material over 60mm in size. Hanford site soils will typically not 
meet this minimum dimension and would therefore not be applicable for disposal 
under the debris rule. In any case, material of such large particle size 
would not lend itself to use in grout which is intended to flow around and 
between LLCE deposited in the vault. 
Soil of less than 60mm particle size could not be disposed of under provisions 
of the Debris Rule, it would have to meet the waste specific treatment 
standards instead. Vault disposal may still be possible in some cases. If 
the contaminants are inorganic in nature and amenable to stabilization, 
grouting may be an appropriate treatment strategy. The soil would have to be 
assessed on a case-by-case basis. Soil acceptable for such treatment could be 
incorporated into grout used for fill around LLCE in the vaults. 
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Non-debris, non-soil, waste could also be disposed of in the RCRA Subtitle C 
vaults if the waste meets all applicable land disposal restrictions . 
Acceptability of the vaults for disposal of LLCE, or any of the above 
auxiliary uses, is based on the opinion by WHC Environmental Services that 
encapsulation in grout meets EPA requirements for disposal of hazardous debris 
in RCRA Subtitle C landfills. The only other waste type on which 
encapsulation could be used is for one lead solid category, D008, listed in 40 
CF.R 268.42 Table 3. 
Grout encapsulation, as a method of LLCE disposal, has substantial similarity 
to the method planned for the original Grout program. That is, the 
encapsulation of waste in a very large, monolithic, grout matrix. The Grout 
program was canceled primarily due to outside opposition and political 
considerations. Although there are significant differences between direct 
grout disposal of large quantities of tank wastes and grout disposal of 
equipment contaminated with small quantities of tank waste, caution suggests 
that similar opposition could materialize. 
It is believed that a good case can be made for vault disposal of LLCE based 
on the substantial differences between that proposal and the original Grout 
process. LLCE encapsulated in grout has far greater potential for recovery 
than tank waste although it would still be a very complicated, expensive and 
undesirable process. The total radionuclide loading would also be vastly less 
for LLCE. 
WHC Environmental Services does not believe the same opposition would be 
encountered over the use of the vaults for disposal of Long Length Equipment 
contaminated with tank waste. This is based on the intent of the Debris Rule 
which recognizes that hazardous debris is less of a risk to human health and 
the environment than the waste itself. 
It is recommended that regulatory agency involvement be sought early in the 
evaluation process if use of the vaults is to be pursued. Appropriate public 
involvement should follow, preferably prior to a firm decision to utilize the 
vaults for this purpose and definitely prior to initiation of detailed design. 
The ultimate acceptability of grout encapsulation of LLCE to all parties 
involved in the acceptance process cannot be predicted. 
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4.0 VAULT CONSIDERATIONS 
4.1 VAULT DESCRIPTION 
The grout vaults are essentially monolithic concrete boxes with separate 
covers. They have an underlying concrete leachate collection basin with a 
sump and a leachate pump. See SKETCH #1 and #2 for area layout and vault 
construction illustration. 
The construction of the vault is roughly as follows, described from the inside 
of the vault out. Other pertinent information is also included. 
• The inside dimensions of the vault "box" are: 

Length 123.5 feet 
Width 50.5 feet 
Height 34 feet 

The inside surface of the floor and walls have a sprayed coating of 
asphalt. 
The vault has reinforced concrete walls. The long sides taper from two 
feet thick at the top to 4 ft-6 in. thick at the bottom. The end walls 
are 2 ft-6 in. thick. 
The reinforced concrete bottom is 4 ft-6 in. thick. 
All side walls have an exterior drape consisting of a drainage net, a 
HDPE (High Density Polyethylene) curtain and a geotextile sheet which 
channel any wall leakage into the leachate basin. 
The draped side walls are surrounded by an asphalt diffusion barrier 3 
ft-4 in. thick (minimum). The asphalt layer extends out and down so it 
also covers the sides of the leachate collection basin described below. 
There is a layer of gravel underneath the vault. 
Under the gravel is a monolithic reinforced concrete leachate collection 
basin which extends slightly beyond the vault perimeter. The basin has 
walls all around that are 3 ft-6 in. high by 2 feet thick. The bottom 
thickness varies but is around 2 feet. 
The leachate collection basin drains to a collection sump (tank) which 
has a pump for leachate removal. 
Under the leachate basin is an asphalt diffusion break of 1 ft-6 in. 
minimum thickness. Under the diffusion break is another 1 ft-6 in. 
minimum thickness asphalt layer called a diffusion barrier. 

• The vault covers are essentially precast concrete beams approximately 4 
feet wide by 2 ft-2 in. thick by 54 ft-6 in. long. They are gasketed 
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where they rest on the top of the vault walls. The side to side joints 
between beams are tapered groves which are grouted after beam placement. 
The tapered groves have keyways and the grout becomes the key to tie the 
beams together. 

• There is a continuous concrete layer on top of the roof beam assembly 
which varies from 8 inches thick at the center to 2 inches thick at the 
sides. This provides slope to shed water. 

• There is an asphalt diffusion barrier 3 ft-4 in. thick (minimum) on top 
of the concrete layer. This diffusion barrier ties into the similar 
barrier surrounding the vault side walls. 

• The vault is buried in the ground so the top surface of the asphalt 
diffusion barrier is flush with the surrounding terrain. 

• Removal of the roof, or sections of it, would require removal of earth 
along the sides and end(s), removal of the 3 ft-4 in. asphalt layer, 
removal of the 2 inch to 8 inch concrete layer (at least in the area 
over the grouted joints), chipping out of the grout in the tapered 
joints along the sides of the beams, detachment of the curtain from the 
beams and lifting of the individual beams. 

• Restoration would require the replacement of all disturbed features. 
4.2 VAULT ACCESS OPTIONS AND INITIAL EVALUATIONS 
Five different methods of gaining access to the vaults were initially proposed 
and evaluated. They were: 
1. Hang equipment vertically through holes in the roof much like it was in 

the waste tanks. 
2. Open an end wall so the vault could be accessed like a building. 
3. Remove most of the cover beams from the vault so it could be accessed 

much like a trench. 
4. Remove three or four roof beams from one end for access and provide 

specialized handling equipment to move items into the vault. 
5. Put a port in an end wall through which items could be inserted axially. 

This would also require specialized handling equipment. 
The pros and cons of five different methods of accessing the vaults are 
discussed below. 
4.2.1 Option 1: Hanging Vertically 
This concept was dismissed immediately after looking at the construction of 
the vaults. The roof panels are essentially precast, reinforced, concrete 
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beams four feet wide x 2 feet-2 inches thick x 50 ft-6 in. long supported at 
the ends. Any holes of significant size cut through them would cut out rebar 
and severely reduce the strength of the beams. This is clearly unacceptable. 
In addition, the vertical space in the vaults is only 34 feet from the floor 
to the under side of the roof. The roof and the asphalt diffusion break add 
another six feet for a total of 40 feet maximum. This is too short for many 
of the items requiring disposal. 
4.2.2 Option 2: Opening an End Wall 
This concept offers no advantages and poses several problems. Cutting through 
the wall at essentially floor level would effect the integrity of the vault 
more than any of the remaining options. Since the wall could not be repaired 
until after the vault was filled, the repair could .not be tested as thoroughly 
as the original had been. 
The concept also poses significant logistical problems. Equipment being 
disposed of would have to be placed starting at the far end and working toward 
the opening. It would probably not be practical to place material in a layer 
over the whole floor and then work over that layer to add the next layer (and 
subsequent layers). 
Most likely, items would have to be stacked from the floor to ultimate height 
at the far end and deposited in stages progressing toward the opening. Since 
the equipment items could not simply be stacked (most will be round) some sort 
of rack system would be required. Racks would greatly increase the effort and 
cost of using this method as well as markedly reducing the storage density. 
Grouting or installation of other fill material could not reasonably be 
accomplished until the vault was fully loaded and the end wall repaired. 
Accomplishing a successful fill at that point would be difficult and unlikely. 
This option is not considered viable. 
4.2.3 Option 3: Removing Most of the Cover Beams 
See sketches #3 and 6. 
There are three possibilities that fall under this category: 
• The vault could be left open and treated like a burial trench. It is 

felt that wind and rain pose unacceptable problems with this approach 
and it was not pursued. 

• A moveable building could be used to cover the open vault when not in 
use and moved aside for access. Handling of LLCE being placed in the 
vault would be much like in a burial trench. The item being deposited 
would be separated from the environment only by the flexible receiver 
bag during the placement process. This idea would only be minimally 
less expensive than the fixed building case below, which offers 
additional advantages, so it was not pursued further. 
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• A fixed building could be installed which contains both an access port 
for incoming items and a bridge crane for placement of the item in the 
vault. The shipping container would be mated directly to the access 
Dort and the LLCE item, on it's carriage, would be transferred into the 
Duilding. A runout trough would be required inside the building as well 
as a remote mechanism for removing the carriage from the container and 
returning it when empty. The item would then be picked off the carriage 
and transferred to the vault by the crane. The empty carriage would be 
returned to the container. 
LLCE would be deposited in a single layer oriented lengthwise. The void 
space around them would be filled with grout or loose fill prior to 
placement of another layer. All activities would be separated from the 
environment. This is the preferred method of the three considered under 
Option 3. The advantages and disadvantages of this concept are 
addressed below. 

The most significant advantages are: 
• Reasonable design and equipment costs to implement. The crane and all 

equipment would be located outside the vault. Only the item handling 
device (gripper) and the crane hook would actually enter the vault. 

• No restriction on length of items except the 123.5 foot length of the 
vault. 

• Free access would allow the use of virtually 100% of the vault volume 
for equipment disposal, unlike the less intrusive options (4 and 5) 
which would reduce useful volume to an estimated 50 to 65%. Since the 
primary purpose of all options is to provide disposal capacity, a high 
useful volume fraction is a significant advantage. 

The disadvantages are: 
• Removal of approximately 25 roof beams would be somewhat more intrusive 

on the vault structure than some of the other options. 
• There would be no inherent radiation shielding from items that have been 

placed but not yet covered with fill. Access restrictions would be 
needed for the surrounding area in lieu of shielding. 

• The need for a large building. 
4.2.4 Option 4: Removing Three or Four Cover Beams at One End 
See sketches #4 and 6. 
This option calls for opening one end of the vault roof, covering the opening 
with a building and providing an access port in the building wall. The 
shipping container would be attached directly to the port. The LLCE item, 
along with it's carriage, would exit the container into the building. The 
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item would be picked off it's carnage by a double trolley bridge crane and 
transferred into the vault. A second double trolley crane, inside the vault, 
would place the item in final position. 
A runout trough would be required inside the building as well as a remote 
mechanism for removing the carriage from the container and returning it when 
empty. A shielded transfer platform would be required under the roof opening. 
This option has several advantages and at least one significant disadvantage. 
The advantages are: 
• It would cause less infringement on the vault structure than the other 

options. The infringement could be relatively easily restored once 
vault loading was completed. 

• The loading operation and the vault opening could be contained in a 
relatively modest negative pressure building. 

• The vault structure would provide inherent radiation shielding once the 
LLCE item was in the vault. Grout or other fill could be placed as soon 
as deposition of a single layer of items was completed. This operation 
would be repeated until the maximum workable height was reached. 

The disadvantages are: 
• The primary disadvantage of this option is that the maximum length of 

the item being disposed of, including the flexible receiver bag or any 
other packaging, is limited by the width of the vault (50.5 feet) minus 
handling space and space for crane rails, etc. Therefore, the useable 
maximum length for the item itself is probably on the order of 45 feet. 
This makes it necessary to cut many of the long items in two prior to 
their arrival at the vault facility. (Subsequent consideration of this 
option divides it into two related cases. The case involving only items 
which will fit in the vault without cutting is designated Option 4A. 
The case which involves taking items that are too long to T plant, or 
elsewhere, for cutting prior to vault disposal is designated Option 4B.) 

• An additional significant disadvantage is the loss of disposal volume 
due to the space requirements of the in-vault crane system. Volume 
actually usable'for disposal is estimated to be only 55 to 65% of total 
vault volume. This reduced volume is a relatively high penalty to pay 
for the benefit of a reduced size opening in the roof. 

• The high cost for design and construction of equipment for material 
handling is an additional disadvantage. The remotely operated, very low 
headroom, in-vault crane will be very specialized and would be 
expensive. Other necessary features and equipment, while similar to 
those in Option 3, are more involved and will be more costly. These 
include the video system and control room, the material handling 
accessories, the vault modifications and the above-ground crane. 
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4.2.5 Option 5: Installing a Port in an End Wall 
See sketches #5 and 6. 
This option calls for creating a port in the upper corner of an end wall. 
Containers would be attached directly to the port and the LLCE, along with 
it's carriage, would exit directly onto a runout trough inside the vault. The 
item would be picked off it's carriage and deposited in the vault by two 
bridge cranes similar to the crane in option 4 except they would each need, 
only one trolley. The carriage would then be returned to the container. 
It would still be necessary to remove several roof beams near one end of the 
vault to permit access to the cranes for maintenance and removal. A shielded 
crane access platform under the opening and a building over the opening would 
still be required similar to that in Option 4. 
A concrete trench-like structure would be necessary outside the vault to gain 
access to the port. Excavation would be required around the roof access 
This option is considerably more complicated than option 4. It offers one 
significant advantage and has several additional disadvantages. 
The advantages are: 
• It would be able to handle the longest length items without the need to 

cut them in two. This could eliminate the need to take any of the LLCE 
to T plant (except very abnormal items). 

• The vault structure would provide inherent radiation shielding. Grout 
or other fill could be placed as soon as deposition of a single layer of 
items was completed. This operation would be repeated until the maximum 
workable height was reached. 

• There would be no need for an above ground crane. End access allows the 
item to enter the vault directly from the container and be handled by 
the in-vault crane alone. 

The disadvantages are: 
• The end access further complicates vault access, crane design and 

operation. The cost for design and construction of equipment for 
material handling would be higher than Option 4. The remotely operated, 
very low headroom, in-vault crane would be even more specialized and 
expensive. 

• Useable vault volume is even more restricted than in Option 4, being 
reduced to only 50 to 60% of total volume. Other advantages and 
disadvantages are similar to Option 4. 

The arrangement illustrated in Sketches #5 and 6 shows the crane service 
building at one end of the vault and the access port at the other but it might 
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be preferable to have them both on the same end. This would allow some access 
to the runout trough, carriage movement device, etc. from the crane service 
platform. 
It is apparent that the shipping container closure design must be compatible 
with the access port design in order to have an effective and conveniently 
operable system. Since there can be no access from the inside of the vault, 
the port connection and it's door or other closure device must be operable 
from outside. 
From a capital standpoint, this would be the most expensive of all the vault 
options. 
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4.3 ACTIVITY COMPARISON AND BENEFITS IDENTIFICATION 
When the overall material handling, storage and treatment aspects of LLCE 
disposal are considered, the use of the grout vaults continues to offer both 
advantages and disadvantages. Two of the options also present some very 
significant equipment design challenges. The primary advantage is the 
substantial reduction of the need to treat LLCE at T plant prior to disposal. 
The currently planned T plant operation controls, directly or indirectly, 
several aspects of the waste tank long equipment removal program. If 
equipment is removed only as fast as it can be processed, then T plant 
dictates the removal rate. If equipment is removed in excess of T plant 
processing capacity then the excess must be stored in shipping containers at 
CWC. Storage of a great many LLCE items creates a major expense in 
containers, carriages and storage facilities and increases handling and 
transportation requirements. 
The Other Option involves disposal in high integrity containers in a RCRA 
Subtitle C trench. Several different scenarios are possible within this 
option but this study assumes the LLCE would be loaded into a HIC at the tank 
farm and filled with grout either there or at the landfill. No other details 
are provided for this option since it is really beyond the scope of this 
study. 
Decontamination of shipping containers and carriages will probably be 
necessary in some, and perhaps many, instances. Opinions vary on the 
potential need for decontamination, it could be a frequent or an infrequent 
activity. 
There is no difference between the decon requirements for one option and 
another except that Option 4B involves additional containers and the Other 
Option has no shipping container therefore no decon requirement. 
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4.3.1 Activity Comparison 
The primary activities necessary to accomplish the various options are listed in Table 1. 

TABLE 1: TASK LISTING 
Tasks Applicable to Option Listed Tasks Applicable to Option Listed 

OPTION 3 OPTION 4A OPTION 4B OPTION 5 OTHER ** 
Added preparation at tank farm required for disposal (Bag binding. 
Warm air drying, etc) 

Probably Probably Probably Probably Probably 

Loading into shipping container at tank farm Yes Yes Yes Yes No 
Loading into HIC at tank farm No No No No Yes 
Transportation from farm to vault or other RCRA Subtitle C landfill Yes Yes No Yes Yes 
Transportation from CWC to T plant, vault or other RCRA Subtitle C 
landfill 

Probably 
not 

Probably 
not 

Probably Probably 
not 

Probably 
not 

Transportation from farm to CWC. Includes storage at CWC. Probably 
not 

Probably 
not 

Probably Probably 
not 

Probably 
not 

Loading into vault Yes Yes Yes Yes No 
Loading into other RCRA Subtitle C landfill No No No No Yes 
Processing and disposal of secondary waste (dunnage, etc.) **** Little if 

any 
Little if 
any 

Some Little if 
any 

Little if 
any 

Cutting in two at T plant to reduce length to fit into vault No No Yes No No 
Re-closing halves of bags and reloading into separate shipping 
containers 

No No Yes No No 

Transportation from T plant to vault. (Each LLCE item now occupies 
two containers, therefore requires two "trips".) 

No No Yes No No 

Handling LLCE inside vault or vault access building Yes * Yes *** Yes *** Yes No 
Handling additional half item inside vault No No Yes No No 
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Handling at other RCRA Subtitle C landfill No No No No Yes 
Filling at vault (loose fill or grout) Yes Yes Yes Yes No 
Grouting into HIC at tank farm or at RCRA Subtitle C landfill No No No No Yes 
Handling empty container after use Yes Yes Yes Yes No 
Handling one extra empty container from vault for each original LLCE 
item 

No No Yes No No 

Decon shipping container if needed Yes Yes Yes Yes No 
Decon additional shipping container if needed No No ! Yes No No 
Storing empty shipping containers Yes Yes Yes Yes No 

* Handling in option 3 is by a crane located in the building but outside the vault itself. 
** Other: Disposal in a RCRA Trench in a HIC with grout placed in the HIC either at the tank farm or at 

the landfill. 
*** Option 4A and B require two separate crane lifts for each item inside the vault. 
**** The Vault option would have very minor amounts of secondary waste, if any. The Other option should 

have none. 
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4.3.2 Advantages and Disadvantages 
Table 2 presents the advantages and disadvantages of vault disposal using the 
three main vault options as well as the RCRA Subtitle C landfill option 
(Other). ' 

TABLE 2: ADVANTAGES AND DISADVANTAGES OF VARIOUS OPTIONS 
OPTION ADVANTAGES DISADVANTAGES 

Option 3 • Does not require T plant cleaning, 
sectioning and packaging of LLCE 
going to vault. 
• Eliminates most LLCE storage 
requirements for items going to the 
vaults. 
• Accepts most items directly from 
tank farms. 
• No limit on removal rates. 
• Lowest capital and operating costs 
of vault options. 
• Free access facilitates item 
placement. Utilizes nearly 100X of , 
vault space. 

• May require additional procedures 
and equipment at tank farm to air dry 
LLCE and bind bag. 
• More infringement on basic vault 
structure. Requires removal of -25 
roof beams. 
• No inherent radiation shielding 
from LLCE deposited but not yet 
covered. 
• Large size of access building. 
• No radiation shielding from LLCE 
while in access building. 

Option 4A • Does not require T plant cleaning, 
sectioning and packaging of LLCE 
going to vault. 
• Virtually eliminates storage 
requirements for applicable LLCE 
going to the vaults. 
• Accepts LLCE directly from tank 
farms. 
• No serious limit on removal rates. 
• Provides inherent radiation 
shielding once item is in vault. 

• Can only handle LLCE up to about 45 
feet long. 
• Significant capital outlay, 
complication and uncertainty. 
• Utilizes only about 55 to 65£ of 
vault space for actual disposal. 
• May require additional procedures 
and equipment at tank farm to air dry 
item and bind bag. 
• No radiation shielding from LLCE 
while in access building. 
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Option 4B • Does not require T plant cleaning 
of LLCE going to vault. 
• Reduces T plant sectioning to only 
one cut per LLCE item over 45 feet 
long going to vault. 
• Reduces storage requirements. 
• No serious limit on removal rates. 
• Provides inherent radiation 
shielding once item is in vault. 

Option 5 • Does not require T plant cleaning, 
sectioning and packaging of LLCE 
going to vault. 
• Virtually eliminates storage 
requirements for items going to the 
vaults. 
• Accepts LLCE directly from tank 
farms. 
• Presents no serious limit on 
removal rates. 
• Provides inherent radiation 
shielding. 

Other • Does not require T plant cleaning, 
Option sectioning and packaging of LLCE 

going to vault. 
• Virtually eliminates storage 
requirements for items going to the 
trench. 
• Accepts HIC encapsulated LLCE 
directly from tank farms. 
• Leaves vaults for a future and 
possibly more beneficial use. 

• Requires taking LLCE to T plant for 
cutting in two. 
• Requires reclosing the bag or 
rebagging at T plant. 
• Significant capital outlay, 
complication and uncertainty. 
• Utilizes only about 55 to 65£ of 
vault space for actual disposal. 
• May require additional procedures 
and equipment at tank farm to air dry 
item and bind ba.g. 
• Two containers (and decons) for 
each total LLCE item leaving T plant. 
• Generates some secondary waste. 
• No radiation shielding from LLCE 
while in access building. 
• Very significant capital outlay and 
complication. 
• Considerable uncertainty, more than 
other vault options. 
• Utilizes only about 50 to 602 of 
vault space for actual disposal. 
• May require additional procedures 
and equipment at tank farm to air dry 
item and bind bag. 

• Requires new RCRA Subtitle C 
landfill. 
• May require additional procedures 
and equipment at tank farm to air dry 
item and bind bag. 
• Requires expensive HICs. 
• HIC requirement may complicate tank 
farm tasks. 
• Grouting in HIC may limit rate of 
LLCE removal from tanks. 
• HIC is very wasteful of landfill 
space. 
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4.4 DETAILED DESCRIPTIONS OF PREFERRED OPTION 
The description which follows presents the equipment and facility requirements 
in detail for implementation of Option 3, the concept considered to be most 
viable. Detailed descriptions were also developed for options 4A, 4B and 5. 
They are presented in Appendix A to reduce clutter in the main body of the 
study. 
4.4.1 Basic Vault Modifications 
Excavation to a depth of 6 to 7 feet, minimum, would be necessary along the 
two long sides of the vault to gain access for removal of roof beams. 
Concrete shoring would be required. 
The 40 inch asphalt diffusion break and the 2 to 8 inch concrete cap would 
have to be removed over the entire area of the vault roof to allow removal of 
the roof*beams. Approximately 25 roof beams would be removed leaving three 
beams (more or less) at each end. Leaving the end beams precludes disturbing 
the end wall to roof beam seal and the end wall curtain system. 
Roof beam removal requires detaching the sidewall curtain system from the ends 
of the beams, chipping out the grout key between each beam and the next, 
lifting off the individual beams and transporting them away from the vault for 
storage. Chipping out the grout without damaging the beams will be a 
significant task since the grout key is 2 feet-2 inches deep and only a few 
inches wide. Removal of the asphalt diffusion break and the concrete cap will 
also be significant tasks. 
A foundation would be necessary all around the vault to support the access 
building. If the foundation between one vault and the next was constructed on 
centerline between them, it could be used for both vaults. The other three 
sides would serve only the one vault. The extra space provided between the 
shared foundation and the vault would provide the space necessary for the 
runout trough and access area for incoming items. A ten foot wide or wider 
area should also be provided at one end of the vault for access for crane 
maintenance. 
4.4.2 Access Building 
A building must be provided over the opening in the roof to provide 
containment and weather protection. The building should be designed to be 
relatively easily relocatable from one vault to another. The interior should 
be designed to allow decontamination if the need should arise. A large door 
is necessary to facilitate maintenance and crane load testing. The building 
would be large, with overall size approaching 85 x 150 feet. 
Building heat may be desired to minimize temperature fluctuation on the vault 
structure. 
The building should extend beyond the vault on all sides and, as mentioned 
above, should have additional space on one long side to provide an access area 



WHC-SD-WM-ES-303, Rev. 0 
Page 32 of 66 

for incoming item transfer. Placing the foundation on the centerline between 
vaults would provide the necessary space plus allow the foundation to be used 
for the adjacent vault also. Additional space should also be provided on one 
end to satisfy crane maintenance needs. 
An access port must be provided in one end (short side) of the building to 
which the shipping containers can be mated. A runout trough, onto which the 
shipping container carriage can be rolled, must be provided inside the 
building. 
There are two choices concerning shipping container positioning which dictate 
access port height. One choice is to take the container off the transporter 
and place it on a ground level surface. In this case the access port would be 
low. The other choice is to leave the container on the transporter and have 
the access port positioned high enough to match. 
The first choice would require a mobile crane plus the extra labor of removing 
the container from the transporter. It would require accurate positioning of 
the container but not the transporter. The second choice would require 
accurate alignment of the transporter to achieve accurate alignment of the 
container with the access port. In this case the height of the transporters 
would need to be standardized to make the containers align vertically with the 
port. Some provision would have to be made in the transporter for minor 
height adjustment. 
In either case the height of all containers, from their supports to the level 
of the surface the carriages roll on, needs to be fixed. The design of the 
shipping containers, the carriages, the port and the runout trough following 
the port must be complementary. It is very desirable that a single runout 
trough be useable, without adjustment or adapters, for all sizes of containers 
and carriages. 
The carriage design portrayed in the comment copy of the Design Criteria for 
the T plant Port, which was in review while this document was being prepared, 
did not meet this criteria and would require a different runout structure for 
each carriage diameter. That would cause great inconvenience in use. That 
design would be less than ideal for use at the grout vaults. 
It will be desirable to provide some means to reverse the endwise orientation 
of the item being disposed of to facilitate positioning during placement. 
Several possibilities exist: 
• Two access ports could be provided on opposite sides of the building. 

This would allow reversing the orientation of the LLCE item by the 
choice of port. The runout trough and carriage handling device would be 
complicated by this approach. 

• An alternate would be to design the containers with the same access 
provisions on each end so that either end could be mated to the port. 
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• A third option would be to provide a remotely operated swivel on the 
crane hook so the item could be reversed after lifting. 

4.4.3 Bridge Crane 
A bridge crane must be provided which spans the width of the access building 
and is capable of traveling from one end of the vault to the other. The crane 
will need only one trolley. The trolley must have a single non-rotating hook, 
or other lifting attachment connection, to keep the load oriented axially with 
the vault. 
The hoist must be capable of picking equipment from the access port level, 
transporting it to the desired location in the vault and lowering it to the 
level of the vault floor. 
The crane must have sufficient capacity to support the heaviest LLCE item 
(plus the lifting attachment) that can be expected to be disposed of in the 
vault. 
The crane assembly should be capable of being installed and removed as a 
minimum number of assemblies to facilitate relocation to another vault when 
the current one has been filled. 
Power supply conductors for the crane must be well protected from accidental 
contact by the item being handled if the item should deviate from normal 
orientation. 
Radio controls should be considered if they offer advantages over hard wired 
controls for this application. 
Human access to the crane will be prohibited by radiation levels when items 
have been deposited in the vault but have not yet been covered. All deposited 
items must be covered to provide shielding prior to crane maintenance 
activities. This presents a problem if the crane should become disabled while 
items are exposed. Some assistance might be obtained from a shielding wall 
constructed at the end of the vault and extending high enough to provide a 
protected area between the wall and the end of the building. Such a wall 
would have to be quite high due to the height of the crane. 
The problem would be increased if the crane bridge became inoperable out over 
the vault and it could not be moved to the end of the building. It may be 
desirable to provide a means of retrieving the crane even if the wheels are 
locked. This function is viewed as a last ditch recovery operation and need 
not be fancy. It need not even physically exist, as long as provision is made 
for it's implementation in the event of need. 
One example might be a small recovery trolley that could run down the crane 
rail and attach a recovery cable to the bridge. The only part that would have 
to be physically provided up front would be the connection points on each end 
of the bridge, all other hardware could be provided on an "if needed" basis. 
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Another example might be a cable extended along each crane rail with a 
follower at the far end that would ride the rail if the cable was pulled. The 
follower would engage the bridge and continued pulling would drag the bridge 
back to the end of the rail. 
4.4.4 Item Handling Device 
A remotely operated handling device must be provided for the crane which can 
perform the following functions: 
• Gripping the item in the access area for removal from the carriage. 
• Releasing the item once it has been transported to the required position 

in the vault. (An ability to reconnect to an item once it has teen 
released is not considered necessary.) 

• It must be capable of balancing different length loads, with varying 
centers of gravity, so they all hang horizontally. One way to 
accomplish this would be to make the pick point on the handling device 
remotely adjustable by the crane operator. 

Since the device will be handling the bagged LLCE directly, it must be 
designed to minimize the potential for tearing or penetrating the bag. 
4.4.5 Additional Incoming Material Handling Equipment 
Equipment must be provided for moving the item and it's carriage from the 
shipping container onto the runout trough and later returning the empty 
carriage to the container. Radiation from the item should be assumed to 
prohibit direct contact by personnel during removal from the container. 
4.4.6 Video Cameras 
A minimum of two video cameras must be provided on the crane. They must be 
provided with remote operation of on-off, zoom, focus, pan and tilt functions. 
They should be located to provide the most advantageous views of the item 
being moved. The following features or operations should be observable: 
• Connection of the item handling device to the item to be disposed of. 
• The horizontal deviation of the item as it is picked up, to aid the 

operator in achieving balance. 
• The position of the item in the access area, during transport and in the 

vault as applicable. 
• The release operation. 

The clearance between the ends of the item and the vault structure. 
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The relation between the load and the crane structure when the load is 
in the full up position. 
To the extent possible, the mechanical components of the crane, 
could be useful in diagnosing problems, etc.) 

(This 

One or two video cameras will be required in the access area to support 
removal of the equipment item and carriage from the container and return of 
the empty carriage to the container. They may be beneficial in connecting the 
crane to the item but the crane cameras will probably be adequate for this 
function. It may be possible to perform this function with the crane cameras. 
The benefits and shortcomings of such a combined approach should be 
investigated during design. 
4.4.7 Lighting 
Lighting must be provided either on the crane or on the building sufficient to 
adequately illuminate the features and operations listed above. It may be 
desirable to mount some of the lights on the pan and tilt mechanisms with the 
cameras. This could be beneficial if the camera is looking in an abnormal 
direction such as inspecting the crane. As a minimum, lights should be 
capable of being turned on and off remotely. This could be as a group except 
for any lights mounted on the camera pan and tilt units which should have 
individual remote on-off control. 
Lighting must be provided in the access port area sufficient to illuminate the 
process of removing the equipment from the shipping container and returning 
the carriage to the container. The process of connecting the crane to the 
equipment item will probably be adequately lit by the lights on the crane. 
4.4.8 Control Room 
A control room must be provided which incorporates the following features and 
equi pment: 
• A minimum of two video monitors of good size, probably 17" minimum. 

Resolution should be high. The question of color versus black and white 
has not yet been addressed. 

• Controls for all remote functions for all cameras. 
(Many options exist for the monitor and camera control system. As 
a minimum, there should be two monitors and one set of controls 
with appropriate switching equipment. Switch selection should 
allow displaying any camera signal on any monitor and controlling 
any camera from one set of controls. (It must be possible to view 
simultaneously with both cameras on the crane.) 

• Controls for all crane functions. 
• Controls for item handling device pick point adjustment (balance 

adjustment). 
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• Controls for lights, including individual controls for any lights which 
are mounted on camera pan and tilt mechanisms. 

• All controls and monitors should be arranged and located for convenient, 
logical, operation. Human factors principles should be incorporated 
into the design. 

The room must be isolated from the vault ventilation system. It must be 
remote from, or shielded from, radiation from the equipment being handled and 
from equipment already deposited in the vault. Minimal heating and air 
conditioning provisions may be desirable although the facility will probably 
not operate in the coldest part of the winter. 
The control room must be easily relocatable from one vault to another. A 
trailer may be the most practical solution. 
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4.5 VAULT FILL OPTIONS 
Two general options are proposed for filling the void space around LLCE items 
disposed of in the vaults. These are: 
1. Fill with grout. 
2. Fill with a loose fill material such as sand, sand-cement mix, kitty 

litter, etc. 
The loose fill option was later dropped due to regulatory concerns. See 
section 5.1.1. 
It has also been proposed, by the Grout organization, that disposal of 
contaminated soil might be accomplished by using it in a grout mix which is 
then used to grout the equipment in the vault. This approach would only be 
feasible for soil which meets the treatment standards for the waste it is 
contaminated with. See additional information in section 3.0. 
Typically most Hanford soil will be under the 60mm particle size necessary for 
classification as debris and will require treatment to the waste specific 
treatment standards. Any soil that did consist of material primarily greater 
than 60mm particle size could be subjected to the alternate treatment 
standards for hazardous debris by mixing with grout as a microencapsulation 
technique. However, as mentioned in section 3, such material would be 
unsuitable for use as grout fill around LLCE placed in the vaults. 
The two basic options are expanded on below. 
4.5.1 Grout Fill 
The concept of grout fill appears to have good potential for regulatory 
acceptance. In effect it becomes large scale macroencapsulation. See section 
5.0 for regulatory comments. 
The material mixing and handling system for grout, external to the vaults, is 
already largely in place. The system would be suitable for use with either 
clean grout or grout made with contaminated soil. Distribution equipment 
would definitely be required at the vaults since the original concept of a 
central grout entry point is not well suited to applying fill over equipment 
deposited in layers. 
It is not clear at this time what form this equipment might take. It might 
involve an elephant trunk from a central point with the discharge manipulated 
by the crane. It might also involve vibrators and/or drags attached to the 
crane(s). Anything which is attached to a crane must either be out of the way 
when the crane is in normal use or it must be removed and stored, probably 
inside the vault. All such manipulations would have to be remote. 
The distribution equipment must be capable of getting grout into all the 
spaces between equipment items and of providing a surface that just covers the 
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bulk of the items. There will undoubtedly be areas on some items that stick 
above the general plane of items. It is not reasonable to expect to cover 
these high spots with every layer of grout. To do so would create an 
excessively thick cover and waste valuable vault space. 
The general surface, exclusive of isolated high spots, must be somewhat flat 
so the next layer of equipment items laid on it will not tend to roll. 
If clean grout was used it would not be necessary to use the grout plant 
associated with the facility. Grout could be supplied from offsite, trucked 
in, and deposited directly. Some distribution and leveling equipment would 
still have to be provided at the vault. 
The bag surrounding each item presents a complication when using grout for 
filler. The grout would have to be very fluid to flow around and between 
items and it will effect the bags much like a liquid;-they will tend to float. 
The bubble thus formed, may be very significant on some items and less so on 
others. This will depend largely on the volume of trapped air and on the size 
of the bag relative to the item. 
It would probably not be practical to try to cover the bag bubbles when 
pouring the grout for that layer of equipment. To do so would result in 
excessively thick layers of grout between layers of equipment items, which as 
mentioned before, would be very wasteful of vault space. On the other hand, 
with minimal grout the bubbles would be left protruding through the grout. 
The next layer of equipment laid down would contact the bubbles from the 
previous layer. The result would probably be a series of void spaces 
separated only by two thicknesses of bag material. 
When the items are first bagged, as they are removed from the tanks, the 
atmosphere to tank pressure differential will collapse the bag closely around 
the item. This condition will probably not last for an extended time. Air 
leakage at the bag seal or diffusion through the bag will probably allow air 
to re-enter the bag. 
Even without bag leakage, those LLCE items that are taken to T plant or 
elsewhere to be shortened would probably not have the bags re-evacuated. 
Those items alone would still present the bubble problem when grouting. Re-
evacuation could be added to the T plant procedure but the leakage potential 
would remain. 
One method of keeping the bag tight around the item would be to wrap or bind 
it with rope. This could probably best be accomplished at the tank farm while 
the item is suspended from the crane. Rope could be wrapped around the item 
in a spiral pattern or crisscrossed in Chinese finger puzzle fashion. Either 
way, equipment would have to be developed to perform the task remotely. 
The problems associated with filling the voids with grout are believed to be 
much more significant than those presented by using loose fill. 
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4.5.2 Loose Fill 
The use of loose fill presents many advantages over the use of grout. It 
would be easier to apply, easier to flatten out, would have less need to be 
flat since items laid on it would tend to bed rather than roll, it would have 
no tendency to float the bags enclosing the items, cleanup of fill 
distribution equipment would be much less of a problem, it would have no 
placement time limit beyond which it would set up and adjustment would no 
longer be possible, it could continue to settle and adjust around items to 
reduce void volume, it would tend to continue to expel air trapped in the bags 
and thus continue to reduce void volume over time. 
In addition, no water would be added to the vault other than any minimal 
amount contained in or on the items being disposed of. There would be no need 
for flush water to clear the supply lines as would be the case for grout.-
As a filler, it would stabilize the items to prevent motion and possible bag 
damage. It would absorb small amounts of residual moisture that might be 
present in or on the items and which might leak out of the bags. The use of 
absorbent fill would increase the absorption capacity. A reactive fill, such 
as one containing portland cement, would react with any residual moisture or 
any water that did find it's way into the vault and bind it as a hydrate 
rather than allowing it to seep through the fill. This would further reduce 
any potential for leaching. 
It must be born in mind that the potential quantity of residual liquid in LLCE 
is very, very, small in comparison to the volume of the vault, the volume of 
the fill, or the volume of the item. This is in stark contrast to the 
original grout concept of disposing of waste sludge where a very large volume 
of liquid was involved. 
If necessary, any residual moisture could be eliminated by adding a step to 
the removal process to provide air drying of the item after washing. This 
could be accomplished by allowing warm air to flow into the top of the bag, 
around and through the item and out to the tank prior to closing off the lower 
end of the bag. Special equipment would be needed at the top of the bag to 
facilitate this. It could be combined with the equipment needed to provide 
internal flushing of the LLCE item being removed (which was described in WHC-
SD-WM-FDC-029). 
Regulatory rules prohibit disposal of liquids in hazardous waste landfills. 
It is not clear if this applies to wet surfaces or just to standing liquid. 
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4.6 COST CONSIDERATIONS 
4.6.1 Vault Modification Costs 
Table 3 illustrates rough (order of magnitude) estimates of the cost to modify 
one vault as described for Vault Option 3, which is the preferred option. 
Additional vaults would use the same design and most of the same equipment so 
they would be much less. Estimates are by the author. Costs for Options 4 
and 5 were not developed since they are far less attractive than Option 3. 

TABLE 3: VAULT MODIFICATION COSTS (Program Dol lars) 

TASK INITIAL VAULT ADDITIONAL VAULTS 

Design $1,500,000 $ 200.000/ea 

Procurement/Fabricati on / Ins ta l1a t i on $3,500,000 $l,000.000/ea 

Sub Total $5,000,000 $1.200.000/ea 

Conti ngency $2,000,000 $ 300,000/ea 

Total $7,000,000 $l,500,000/ea 
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4.6.2 Operating Cost Considerations 
Table 1 listed the primary tasks necessary to dispose of LLCE by the four 
different vault options and the Other option. No costs were provided but the 
table can still be used as a basis for consideration of the nature and 
complexity of tasks applicable to each option and from that deduce the 
relative costs. 
Table 4 presents a subjective ranking of the operating costs of disposal using 
the various options. The terms low, medium, high and very high are relative 
only to each other and do not represent quantitative values. 
No data exists from which to determine the numbers of LLCE items involved in 
Options 4A versus 4B but it must be understood that the two options are 
complimentary and would have to be used together to accommodate the range of 
lengths involved. Also no attempt was made to identify the quantities of LLCE 
items which, due to waste characteristics or abnormal size, may not be 
acceptable for vault disposal. 

TABLE 4 : SUBJECTIVE CAMPAIGN OPERATING COST COMPARISON 
OF VARIOUS DISPOSAL OPTIONS 

DISPOSAL OPTION RELATIVE COST 

OPTION 3 (Vault disposal not requiring cutt ing). Low 

OPTION 4A (Vault disposal not requirinq cutt inq). Med 

OPTION 4B (Vault disposal requiring cutt ing). High 

OPTION 5 (Vault disposal not requirinq cutt inq). Med 

OTHER OPTION (RCRA Subtitle C Trench disposal with grout 
encapsulation in high integri ty containers). 

Very High * 

The cost of HICs drives up the cost of this option. 

4.6.3 Storage, Shipping Container and Transporter Considerations 
The grout vault options require a relatively low number of shipping 
containers, carriages and transporters. There should.be little need for 
batching of LLCE items going to the vaults or for interim storage between the 
tank farms and the vaults. If item handling equipment can be designed to deal 
with all of the various sizes and shapes of LLCE without adaptation then the 
items can be placed in the vault as they are removed from the farms. 
Option 3 would provide the greatest flexibility in placement and requires the 
least amount of handling of any vault option. It should pose no difficulty in 
processing LLCE items as fast as they are removed from the farm. Three 
containers of each size should be adequate for retrieval operations at two 
tanks. 

http://should.be
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Option 3 should easily allow a transporter turn around time at the vault of 
less than one shift. With time added for taking containers to decon and 
dropping off or picking up containers at empty container storage, two 
transporters should be able to handle the needs for all retrieval operations 
at a single tank. Four transporters plus a spare should meet the needs for 
two simultaneous retrieval operations, which is the scenario proposed in the 
Options Study. 
There should be no need for storage of loaded containers enroute to Option 3 
vaults but a minor amount should be provided to handle any LLCE excluded from 
vault disposal and to cover any contingencies. One group of excluded items 
will be those LLCE items characterized as TRU. These are expected to be not 
more than 10$ of the total waste stream. Contingency needs, for both storage 
space and containers, are not included in the numbers. Sufficient empty 
container storage is required to handle the total 18 containers assumed. 
Option 5 would require more handling at the vault than Option 3 but should 
still be able to keep up with retrieval rates. Container, transporter and 
storage requirements should be similar. 
Option 4B, with it's need for taking some of the LLCE to T plant to be cut in 
two prior to going to the vaults, could carry with it a need for batching at 
that facility. Some minor amount of storage is assumed to be necessary for 
that purpose. This increases the container, transporter and storage needs for 
Option 4 (4A and 4B combined). It is assumed that six containers of each size 
may be needed for a total of 36. It is also assumed that six transporters 
plus one spare should be adequate. Lag storage is assumed for 24 containers 
and empty container storage for 36. 
Since use of the vaults would reduce the overall demand on T plant, the need 
to send Option 4B items there to be cut in two should not present a 
significant restriction. 
LLCE excluded from vault disposal due to contaminant characteristics would 
probably be treated at T plant. If the number of items excluded from vault 
disposal turns out to be significant, additional containers and storage space 
could be required. 
The Other Option (RCRA Trench) scenario has no requirement for shipping 
containers since the items are assumed to be loaded into high integrity 
containers, and grout installed, at the tank farm. Likewise, there would be 
no used containers in need of storage. Transporters for HICs loaded with LLCE 
and grout would probably be very different from those for shipping containers 
since the weight of the largest loaded HICs could approach 280,000 pounds. 
CWC storage is assumed to not be necessary with this option. 
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Table 5 compares projected container, storage and transporter requirements for 
various disposal options assuming retrieval operations are conducted 
simultaneously on two different tanks. All values are the author's rough 
estimates. 

TABLE 5 : REQUIREMENTS FOR CONTAINERS, TRANSPORTERS AND STORAGE 

FEATURE VAULT 
OPTION 3 

VAULT 
OPTION 4 * 

VAULT 
OPTION 5 

OTHER 
OPTION 

Shipping Containers * * 3 ea size = 
18 total 

6 ea size = 
36 total 

3 ea size = 
18 total 

High Integrity Containers 1350 total 
ickirk 

Transporters * * * 4 + 1 spare 
= 5 

6 + 1 spare 
= 7 

4 + 1 spare 
= 5 

4 + 1 spare 
= 5 

CWC Storage ** Minimal 
(-0) 

24 Minimal 
(-0) 

0 

Empty Container Storage ** 18 36 18 0 

** 

*** 

Options 4A and 4B combined. 
Options 3, 4 and 5 do not include any additional containers or storage 
which may be required for LLCE that could be excluded from vault 
disposal and therefore have to be disposed of by an alternate means. 
Transporters for the Other Option would probably be very different from 
those for the Vault options. 

**** One HIC would be required for each LLCE item being disposed of since it 
would be buried with the item. The 1350 number represents 90% of the 
1500 LLCE items anticipated to require disposal. 
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Table 6 illustrates the estimated total dollar values of the items in table 5. 
Shipping containers are estimated at $500,000/each. Transport trailers are 
estimated at $210,000/each. These estimates were supplied by M.J. Ostrom, of 
WHC TWRS Engineering Support Services, based on experience with similar 
equipment being procured to support equipment removal from tank C-106. These 
costs could be expected to go down with quantities and experience. 
The cost to provide storage space in CWC could not be determined from 
available sources, therefore, it is listed as unknown. 
The estimated cost to provide storage space for empty shipping containers is 
taken as $10,000 per space. This value was derived from a current project 
which will provide 40 spaces at a cost of $400,000. 
High Integrity Containers (one inch steel) for the Other Option are roughly 
estimated by the author at $100,000/each. Transporters for HICs will have 
much greater capacity than those for shipping containers but may be less 
complex. For lack of any specific information otherwise, their cost is 
estimated to be equivalent to the shipping container transporters. 
The total cost for HICs is the only value in the table which is directly 
related to the quantity of items being disposed of. It is assumed that 90% of 
the 1500 total LLCE items to be removed from the tanks could be disposed of in 
HICs. thus 1350 HICs could be required. 

TABLE 6 : TOTAL COST FOR CONTAINERS, TRANSPORTERS AND STORAGE 

FEATURE VAULT 
OPTION 3 

VAULT 
OPTION 4 

VAULT 
OPTION 5 

OTHER 
OPTION 

Shipping Containers * 18 Units 36 Units 18 Units Shipping Containers * 

$9M $18M $9M 

High I n t e g r i t y Containers 1350 Units High I n t e g r i t y Containers 

$135M 

Transporters 5 Units 7 Units 5 Units 5 Units Transporters 

$1.05M S1.47M S1.05M S1.05M 

CWC Storage * 0 Units 24 Units 0 Units 0 Units CWC Storage * 

$0 $Unknown $0 $0 

Empty Container Storage * 18 Units 36 Units 18 Units 18 Units Empty Container Storage * 

$.18M $.36M $.18M S.18M 

Total * $10.23M $19.83M+ $10.23M $136.23M23M 
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* Options 3, 4 and 5 do not include any additional containers or storage 
required for LLCE that may be excluded from vault disposal and therefore have 
to be disposed of by an alternate means. 
+ Plus the cost of storage space at CWC. 
4.7 VAULT ACCESS OPTION RECOMMENDATIONS 
If the concept of vault disposal is to be pursued vault access Option 3 is 
recommended. It is clearly superior to options 4 and 5 in terms of 
simplicity, functionality, low uncertainty and high disposal capacity. If 
some unforeseen obstacle forecloses Option 3, Options 4 and 5 could be 
revisited but at this point they are not recommended. 
Although both Option 4 (4A plus 4B) and Option 5 appear marginally viable they 
are much more complicated and are not nearly as attractive as Option 3. 
Option 4 is somewhat more straight forward from an equipment design standpoint 
and therefore has lower uncertainty than Option 5. On the other hand. Option 
5 has the potential for lower operating cost than Option 4 due to it's ability 
to handle LLCE items direct from the tank farms without having to first send 
them through T plant to be cut in two. 
T plant remains a necessary part of the operation of the vaults under Option 
4. It becomes unnecessary to the operation of Options 3 and 5, except as a 
treatment facility for any LLCE that cannot be disposed of in the vaults due 
to waste characteristics or exceptional size. 
T plant could be utilized for container and carriage decontamination under any 
of the vault options but this operation could also be conducted in another 
facility. This study does not address decon facility choice since it is 
equivalent for all disposal options which require decon. 
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5.0 REGULATORY CONSIDERATIONS 
Initial consideration of regulatory issues resulted in the expectation that 
disposal of long length contaminated equipment in the grout vaults would be 
feasible. Both loose fill and grout fill appeared to have promise. 
Extraction treatment, in the EPA sense, did not appear to be a prerequisite to 
vault disposal. 
Use of the vaults could offer substantial cost and time savings provided the 
equipment could be taken directly from the tank farms to the vaults. 
However, virtually any kind of pretreatment that involved taking the equipment 
to another facility for cleaning would quickly erode the benefit and make 
vault use impractical. 
From an installation standpoint grouting is a less desirable approach than the 
use of loose fill. As mentioned previously, grout would have to be very fluid 
to flow around and between items. Such a fluid grout would probably make the 
bags float due to trapped air. Even if the buoyancy was not sufficient to 
lift the item it could still cause the excess portion of the bag to rise to 
the top and require a great deal of additional grout to cover the "bubble". 
This problem could be overcome by wrapping the bag snugly with rope or similar 
binding material to hold the bag closely around the item. This would add yet 
another complication to the retrieval process. 
5.1 REGULATORY ALTERNATIVES 
The current approach toward the regulations has been to consider the equipment 
being disposed of as "Debris" as defined in 40 CFR 268.2(g) and to treat per 
the "Debris Rule" using "Extraction" technology. The equipment would be 
transported to T plant (could be any treatment facility) where it would be cut 
up or dismantled and cleaned on all surfaces (inside and out). 
The Debris Rule has the following performance standard for physical or 
chemical extraction treatment of metal objects such as those to be removed 
from the waste tanks. This criteria was taken from 40 CFR 268.45, Table 1. 

Metal objects must be treated to remove foreign matter adhering to the 
metal to produce a "clean debris surface". "Clean debris surface means 
the surface, when viewed without magnification, shall be free of all 
visible contaminated soil and hazardous waste, except that residual 
staining caused by soil and waste consisting of light shadows, slight 
streaks, or minor discolorations, and soil and waste in cracks, 
crevices, and pits may be present provided that such staining and soil 
and waste in cracks, crevices, and pits shall be limited to no more than 
5% of each square inch of surface area." 

If the treatment is successful in meeting this performance standard the item 
could exit RCRA Subtitle C control and be disposed of in a Subtitle D 
landfill. 
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The approach proposed for using the grout,vaults is still to consider the LLCE 
as debris but to utilize "immobilization technology" rather than extraction 
technology. Within the category of immobilization technology, 
"macroencapsulation" is most suited to LLCE and the performance standard of a 
'clean debris surface' is not applicable. In this case, hazardous debris 
would be disposed of as mixed waste in a RCRA Subtitle C landfill. 
The regulatory description of macroencapsulation in 40 CFR 268.45, Table 1. is 
as follows: "Application of surface coating materials such as polymeric 
organics (e.g., resins and plastics) or use of a jacket of inert inorganic 
materials to substantially reduce surface exposure to potential leaching 
media." The performance standard requires the following: "Encapsulating 
material must completely encapsulate debris and be resistant to degradation by 
the debris and it's contaminants and materials into which it may come into 
contact after placement (leachate, other waste, microbes)." 
Initially four regulatory alternatives were considered in exploring the 
concept of taking equipment directly from the tanks to the grout vaults. All 
would consider the vaults as RCRA Subtitle C landfills but with the following 
variations: Alternative One proposed to utilize the "No Migration" exemption 
available in the regulation to qualified facilities and to use loose fill. 
Alternative Two proposed to macroencapsulate the LLCE using grout. 
Alternative Three proposed recognition of the flexible receiver bag as a 
macroencapsulant thus allowing burial using loose fill. Alternative Four 
proposed to consider the vault itself as an encapsulant. This alternative 
might also allow the use of loose fill. 
Following review by WHC Environmental Services, Alternative One was determined 
to be nonviable based on a very low expectation of success. Alternative Two 
was considered by WHC Environmental Services to be viable. Alternative Three 
was discarded after considering the potential deterioration, over time, due to 
radiation effects on the bag material. Alternative Four is considered by WHC 
Environmental Services to have questionable potential since a land disposal 
unit (the vault) probably cannot be used to meet a Land Disposal Restriction 
(LDR) treatment standard. 
5.1.1 Alternative One 
Regulation 40 CFR 268.6 allows the submission of a petition to the EPA to 
allow land disposal of a waste prohibited under 40 CFR 268, Subpart C. 
Section 268.6 contains the following paragraph: 

"(a) Any person seeking an exemption from a prohibition under subpart C 
of this part for the disposal of a restricted hazardous waste in a 
particular unit or units must submit a petition to the 
Administrator demonstrating, to a reasonable degree of certainty, 
that there will be no migration of hazardous constituents from the 
disposal unit or injection zone for as long as the wastes remain 
hazardous. The demonstration must include ..." 
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At face value a "no migration petition" appears to be a viable alternative. 
However, WHC Environmental Services believes that obtaining such a waiver for 
a grout vault would be extremely difficult and probably impossible. A 
petition for the WIPP facility, a facility constructed in a salt dome 
formation for which a no migration petition was tailor-made, has yet to be 
successful following five years of effort. No successful petitions have yet 
been approved in the nation. 
Prior to input from WHC Environmental Services it appeared that the grout 
vaults might be capable of meeting the conditions necessary to secure an 
exemption under this provision. If one compares the construction of the 
vaults to the facilities implied in 40 CFR 268.6 the vaults seem vastly 
superior. However, the WHC Environmental Services opinion, the cost of 
preparing a petition, and the time involved in seeking approval make this 
approach undesirable. 
The following discussion supporting the idea of a no migration exemption was 
prepared prior to the opinion by WHC Environmental Services and is presented 
for information only, not as an argument for pursuit of this approach: 
The vault design is far more elaborate than a standard RCRA Subtitle C 
landfill. Forty inches of compacted asphalt over twenty-six inches (minimum) 
of concrete is a much better water barrier than a RCRA Trench membrane and 
earth cover. Reactive loose fill is obviously superior to normal earth fill 
since it would chemically bind any small amount of water that did get into the 
vault. The location of the vault (the Hanford reservation) is also a plus. 
The requirements for a no migration petition appear to be readily satisfiable 
by WHC except for one complicating factor; The requirement for an analysis to 
fully describe the chemical and physical characteristics of the waste. 
Although an analysis will ultimately be required no matter what waste 
treatment or disposal technique is utilized, with or without this exemption, 
the requirement for analysis before submission of the petition causes a 
serious time problem. Sample data is not currently available on most of the 
tanks and this lack could delay indefinitely any application for an exemption 
under 268.6. 
At the rate tank waste analysis is being accomplished it could be many years 
before data becomes available and an exemption could be obtained on a 
sufficient number of tanks to justify modifying the vaults for equipment 
disposal. A possible variation would be to prepare T plant as a treatment 
facility and simultaneously seek a no-migration exemption for the vaults. The 
approach could be to use specific analysis of the wastes where available and 
to use best available knowledge about the waste where detailed specific 
analysis does not exist. If later analysis identified any tanks with 
materials which would not be acceptable under a no-migration exemption LLCE 
from those tanks could be excluded from vault disposal on an individual basis. 
The water spray wash utilized in the removal operation may be recognized as 
treatment by Ecology and EPA. WHC Environmental Services currently believes 
that water spray washes utilized for ALARA reasons do not constitute treatment 
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under RCRA. Washing will greatly reduce radiation exposures during removal 
activities and is therefore a necessary and desirable operation. It will also 
greatly reduce the quantity of hazardous waste in the debris prior to 
immobilization. RCRA regulations specify that treatment must take place in a 
permitted treatment facility or in accordance with Treatment-by-Generator 
provisions. If washing at the tank farm was considered treatment then each 
farm would have to be permitted as a treatment facility. 
As mentioned previously, it must be born in mind that the potential quantity 
of residual liquid in or on equipment items would be very, very, small in 
comparison to the volume of the item, the volume of the vault and the volume 
of the fill. However, even that small amount could be eliminated if necessary 
by incorporating an air drying procedure into the removal process at the tank 
farms. Other means, such as the use of sorbents, might also employed. 
5.1.2 Alternative Two 
This alternative would recognize the vaults as RCRA Subtitle C landfills, 
would place the LLCE items directly in the vault as they come from the tank 
farms (enclosed in shielded receiver bags) and would fill around the items 
with grout. The grout would be considered as macroencapsulation. Most of the 
advantages attributable to vault disposal under Alternative One are also 
available under Alternative Two. The exception is that the advantages of 
loose fill over grout would not be realized. 
As mentioned in Alternative One, the water spray wash utilized in the removal 
operation could be recognized as treatment but it is not desirable to do so. 
Washing will greatly reduce the quantity of hazardous waste in the debris 
prior to immobilization and is therefore a necessary and desirable operation. 
It should not be considered as "treatment", however, due to the regulatory 
consequences of doing so. 
As also mentioned in Alternative One, it must be realized that the potential 
quantity of residual liquid in or on equipment items would be very, very, 
small. However, even that small amount could be eliminated if necessary by 
implementing an air drying procedure after washing. It is the position of WHC 
Environmental Services that, if there is any suspicion of a free liquid 
content in the equipment, air drying will probably be required. 
Alternative Two is the most viable approach since alternatives one and three 
were found to be impractical and approval of Alternative Four is questionable 
at this point. 
5.1.3 Alternative Three 
A third alternative was to consider the flexible receiver bag as 
macroencapsulation and to use loose fill. 
The flexible receiver bag does not specifically match the examples of 
macroencapsulation found in the rule but it is believed to offer equivalent 
protection for hazardous waste. The bag is probably a more substantial 
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barrier than a "surface coating material such as polymeric organics (e.g., 
resins and plastics)" as mentioned in the rule. 
Prior to consideration of radiation effects the receiver bag appeared to 
satisfy the performance standard for macroencapsulation. However, radiation 
from the item has the potential to cause eventual degradation of the bag 
rendering this approach non-viable. The approach was dropped from 
consideration. 
If the bag had been acceptable then the bagged (encapsulated) item could have 
been disposed of in a vault using any form of fill. Since there are no 
requirements in the rule concerning fill around encapsulated debris, loose 
fill would presumably have been acceptable. 
5.1.4 Alternative Four 
This alternative would consider the vault structure itself as an encapsulant 
around the total mass of LLCE debris placed in the vault. Loose fill would be 
used, primarily to support the equipment. In the author's opinion the vault 
provides a superior barrier to that afforded by the encapsulants described in 
the EPA regulations and therefore should be acceptable as both encapsulant and 
land disposal unit. 
In the opinion of WHC Environmental Services this alternative would probably 
not be acceptable to the EPA since disposal in a land disposal unit requires 
prior treatment by one of the specified treatment technologies. In this case 
no treatment would have been performed. 
The EPA allows the submission of proposals utilizing equivalent technology. A 
case could be made that the thick, reinforced, concrete walls of the vaults 
provide a barrier more than just equivalent to the usual encapsulation 
techniques. Such an effort would undoubtedly be time consuming and the 
outcome could not be predicted. If time permits, this alternative should be 
pursued. It offers the advantages of loose fill (ease of placement and 
recoverability) but it is not as straight forward from a regulatory standpoint 
as Alternative Two. 
5.2 REGULATORY RECOMMENDATIONS 
If it is decided to use the vaults for disposal of long-length equipment it is 
recommended that alternatives Two and Four be investigated simultaneously to 
the point of EPA acceptance or rejection of Alternative Four. An appropriate 
choice between the two can then be made. In addition, the current work to 
prepare T plant for long-length equipment cleanup and cutup should be 
conti nued. 
The T plant and vault facilities would be mutually complementary. Any LLCE 
items that could go directly to the grout vaults would reduce the load on T 
plant, CWC, shipping containers and transporters. T plant could take care of 
those items that could not go directly to the vaults (due to the types of 
contaminants or size). If the RCRA Subtitle C trench option was chosen 
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instead of the vault option, T plant would still be needed to handle abnormal 
items. 
If the T plant modifications were completed first, T plant could provide the 
short term disposal capacity needed while modifications to the first vault, 
and associated equipment, are being designed and implemented. 
Regulatory agency involvement followed by appropriate public involvement 
should be sought early in the evaluation process, preferably prior to a firm 
decision to utilize the vaults for this purpose and definitely prior to 
initiation of detailed design. It must be born in mind that the use of the 
vaults for LLCE disposal is only one potential use, there may be others with 
more benefit. 
5.3 OTHER REGULATORY CONSIDERATIONS 
The majority of long length equipment should be disposable in the vaults 
provided only that the waste associated with the equipment meets the chemical 
and radiological criteria and free liquids have been acceptably dealt with. A 
very small portion of the equipment may present an additional problem due to 
the presence of organics in the form of lubricants. The situation is expected 
to apply only to pumps with submersible motors, some of which have oil 
reservoirs. These pumps would probably not be disposable in the vaults 
without special treatment. 
Most of the waste tank pumps are shaft driven from a motor mounted above the 
tank and do not present much of a problem. Any lubricants contained in them 
will normally be small quantities associated with the motor bearings. It is 
expected that these above tank motors will normally be removed from the pumps 
prior to removal of the pumps from the tanks. 
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6.0 OTHER WASTE CONSIDERATIONS 
Four general forms of hazardous or mixed waste have potential for disposal in 
the vaults. They are: Contaminated equipment; Debris already treated by 
encapsulation or immobilization techniques; Non-debris, non-soil waste; and 
Contaminated soil. 
Contaminated equipment would be classified as debris, just as the long-length 
equipment was. As such it could be handled in an equivalent manner. It would 
not have the flexible receiver bag for containment during handling so another 
form of containment would be needed to prevent contamination of the access 
building and handling equipment. It would also have to be compatible with the 
vault equipment. 
Disposal of encapsulated/immobilized debris should pose no regulatory problem 
since it could be buried in a RCRA Subtitle C landfill and the vaults meet 
these requirements. It should be acceptable with any of the vault proposals 
that prove to be acceptable for long-length equipment. The only complicating 
factor would be the compatibility of the packaging with the access and 
handling equipment at the vault. 
Non-debris, non-soil waste could also be disposed of in the RCRA Subtitle C 
vaults if the waste meets all applicable land disposal restrictions. 
Contaminated soil falls into two categories: Material that is primarily 
composed of particles with a particle size less than 60mm; and material 
primarily composed of particles with a size greater than 60mm. 
The greater-than-60mm material could be treated by debris rule techniques and 
could be immobilized in grout. Hanford site soils will typically not exceed 
this dimension and would therefore have little potential for disposal under 
the debris rule. In addition, material of such large particle size is 
probably not a good candidate for grout to be used to fill around long-length 
equipment deposited in the vaults. The large particle size, would impair the 
ability of the grout to flow around and between the items. 
The less-than-60mm material does not fit the criteria for debris and, 
therefore, could not be treated by debris rule techniques. However, 
immobilization by grouting may still be acceptable for less-than-60mm material 
if immobilization meets the waste specific treatment standards for the 
material contaminating the soil. 
Disposal of soil by grouting is feasible if the constituents with 
concentrations above land disposal restriction limits are inorganic in nature 
and amenable to stabilization. Soil with organic constituents is not amenable 
to this approach since the organic constituent treatment standards cannot be 
met by immobilization. Soil would need to be assessed on a case-by-case basis 
to determine the most appropriate treatment strategy, in some cases, grouting 
could be the correct alternative. 
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APPENDIX A 
A.O DETAILED DESCRIPTIONS OF SECONDARY OPTIONS 
The detailed descriptions which follow represent the two concepts that are 
considered to be marginally viable, but with reservation. It must be 
recognized that the cranes and item handling equipment described are very 
specialized, especially those inside the vault. They present very significant 
design challenges and carry considerable uncertainty. The reader is cautioned 
not to interpret the requirements as being obtainable with conventional 
hoisting equipment. Conventional equipment would almost certainly have large 
headroom requirements that would reduce useable vault space to the point that 
the option would no longer be feasible. 
A.l DETAILED DESCRIPTION OF OPTION 4 
The equipment and facility setup for Option 4 consists of the following: 
A.1.1 Basic Vault Modifications 
Excavation to a depth of 6 to 7 feet would be necessary around three sides of 
the roof opening location to gain access for removal of roof beams. Concrete 
shoring would be required. This could double as a foundation for the access 
building. 
The 40 inch asphalt diffusion break would have to be removed as needed to 
allow roof beam removal. 
Approximately three roof beams would have to be removed from one end of the 
vault. 
A concrete barrier wall would have to be constructed between the space under 
the removed roof beams and the remainder of the vault. The wall would be full 
width of the vault but would stop approximately 12 feet below the underside of 
the roof. The maximum height of the wall should be that which will just allow 
the largest anticipated load to traverse over it when the load is raised to 
the full up position. The wall must either tie into the floor and walls, or 
be braced back to the end wall, and must be adequate to resist the horizontal 
loads imposed by whatever fill is to be used around the deposited equipment. 
The space under the roof opening is referred to, henceforth, as the anteroom. 
A.1.2 Access Building 
A building must be provided over the opening in the roof to provide 
containment and weather protection. The building should be of unitized or 
modular construction designed to be easily relocatable from one vault to 
another. The interior should be designed to allow decontamination if the need 
should arise. A large door would be desirable to facilitate maintenance and 
crane load testing. 



WHC-SD-WM-ES-303, Rev. 0 
Page 55 of 66 

The building should extend beyond the end of the vault so long containers 
would not extend over the adjacent vault when they are mated to the access 
port. 
It might be desirable to have two access ports on opposite sides of the 
building. This would allow reversing the orientation of the item to be 
disposed of by the choice of port. An alternative would be to design the 
containers with the same access provisions on each end so that either end 
could be mated to the port. 
There are two choices concerning shipping container positioning which dictate 
access port height. One choice is to take the container off the transporter 
and place it on a ground level surface. In this case the access port would be 
low. The other choice is to leave the container on the transporter and have 
the access port positioned high enough to match. 
The first choice would require a mobile crane plus the extra labor of removing 
the container from the transporter. It would require accurate positioning of 
the container but not the transporter. The second choice would require 
accurate alignment of the transporter to achieve accurate alignment of the 
container with the access port. In this case the height of the transporters 
would need to be standardized to make the containers align vertically with the 
Dort. Some provision would have to be made in the transporter for minor 
neight adjustment. 
In either case the height of all containers, from their supports to the level 
of the surface the carriages roll on, needs to be fixed. The design of the 
shipping containers, the carriages, the port and the runout structure 
following the port must be complementary. It is very desirable that a single 
runout structure be useable, without adjustment or adapters, for all sizes of 
container carriages. 
The carriage design portrayed in the comment copy of the Design Criteria for 
the T plant Port, which was in review while this document was being prepared, 
did not meet this criteria and would require a different runout structure for 
each carriage diameter. This would cause great inconvenience in use. That 
design would not be very suitable for use at the grout vaults. 
A.1.3 Anteroom Platform 
Maintenance and testing can only be performed on the in-vault crane when it is 
over the anteroom. The height of the crane above the vault floor 
(approximately thirty feet) unnecessarily complicates maintenance access. To 
correct this problem a service platform must be provided in the anteroom at a 
level approximately eight feet below the lowest part of the primary crane 
structure (except for lights, cameras, hooks or other lifting devices). 
The anteroom is also the location where the LLCE must be transferred from the 
above-ground bridge crane to the in-vault bridge crane. Therefore, the 
service platform must also serve as a load set down platform and a carriage 
support will be needed. 
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The platform should be a one or two piece assembly which is supported by 
either the anteroom floor or the walls. In either case, it should be easily 
removable for relocation from one vault to another. It should incorporate a 
minimum of anchors or ties to the walls and none to the floor. 
The platform must have sufficient capacity to support the heaviest LLCE item 
(plus it's shipping carriage) that can be expected to be disposed of in the 
vault. It must also have the capacity to support test weights which will be 
required for crane load testing. 
The platform must be suitable for personnel use. A ladder should be provided 
for access from ground level. 
A.1.4 Above-Ground Bridge Crane 
A bridge crane must be provided which spans the width of the vault and is 
capable of traveling from a pickup area beyond the end of the vault to the 
anteroom. The crane will probably need two independent trolleys (or one fixed 
and one moveable) to allow positioning the lifting attachments to best suit 
different length loads. An ability to axially reposition the load is not 
specifically required since this function can be met by either positioning the 
shipping container carriage prior to lifting the equipment item or by 
positioning with the in-vault crane after the item has been transferred to it. 
Each trolley should have a hoist with a single lifting attachment. The 
lifting attachments should be designed to best suit handling of the 
anticipated types of LLCE. 
The hoists must be capable of picking equipment from the access port level and 
lowering it to the level required in the anteroom for transfer to the in-vault 
crane. 
The crane must have sufficient capacity to support the heaviest LLCE item 
(plus it's shipping carriage) that can be expected to be disposed of in the 
vault. Since the weight of the load may be concentrated toward one end, each 
trolley and hoist should have the capacity of handling the entire load. 
A.1.5 In-Vault Bridge Crane 
A bridge crane must be provided in the vault which is capable of covering the 
entire vault area including the anteroom. The crane must be as high as 
possible under the roof and should be specially designed to minimize headroom 
requirements. The crane should have two independent trolleys which can be 
positioned to suit different lengths of equipment and to allow placement of 
equipment wherever needed in the vault. Each trolley should have a hoist with 
a single lifting attachment. The lifting attachments will be designed to best 
suit handling of the anticipated types of items. 
The entire crane and trolley assembly must be designed to minimize headroom 
requirements. A certain amount of headroom is necessary to allow the 
equipment being deposited to pass under the roof but the crane structure 
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should not add any more to this than absolutely necessary. All headroom 
subtracts from useable vault space and is inherently undesirable. It should 
be kept to an absolute minimum. The overall cost of vault space is high and 
every bit of space lost to headroom or other non-storage uses adds to the cost 
of the remaining space. 
The bridge/trolley assembly should be capable of being installed and removed, 
as a minimum number of assemblies, through the opening in the roof above the 
anteroom platform. The assemblies, except for the bridge support rails and 
the power supply conductors, shall be easily removable through the roof 
opening for reinstallation in another vault. 
The crane must have sufficient capacity to support the heaviest LLCE item that 
can be expected to be disposed of in the vault. Since the weight of the load 
may be concentrated toward one end, each trolley and hoist should have the 
capacity of handling the entire load. 
Power supply conductors for the crane must be well protected from accidental 
contact by the equipment being handled (the load). This takes on additional 
significance due to the requirement that the crane be capable of lifting the 
load as near to the roof as possible. Reel fed cable may be preferable to bus 
bars since bus maintenance or replacement would not be possible. 
Radio controls should be considered if they offer advantages over hard wired 
controls for this application. 
A means should be provided for retrieval of the bridge crane to the anteroom 
Dosition in the event that any failure in the bridge drive system causes it to 
De stranded inside the vault. Human access to the crane inside the vault will 
be prohibited by radiation levels and headroom restrictions. All maintenance 
will have to be performed from the anteroom position. 
The retrieval method should be capable of moving the bridge even if the wheels 
are locked. This function is viewed as a last ditch recovery operation and 
need not be fancy. It need not even physically exist, as long as provision is 
made for it's implementation in the event of need. 
One example might be a small recovery trolley that could run down the crane 
rail and attach a recovery cable to the bridge. The only part that would have 
to be physically provided up front would be the connection points on each end 
of the bridge, all other hardware could be provided on an "if needed" basis. 
Another example might be a cable extended along each crane rail with a 
follower at the far end that would ride the rail if the cable was pulled. The 
follower would engage the bridge and continued pulling would drag the bridge 
back to the anteroom. 
A.1.5.1 Alternative Equipment 
It might be possible to combine the functions of the anteroom platform, the 
in-vault crane, and the in-vault crane attachment into a single piece of 
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hardware. This is envisioned as a moveable platform, suspended from rails, 
which could serve as the anteroom platform but could also traverse down the 
length of the vault. It would have to be adjustable in elevation so that it 
could start out low in the vault and then be raised as material is added and 
the operating level in the vault increases. 
It would incorporate material handling devises onto which incoming items could 
be set and which could then transfer the items off of the platform and deposit 
them in the vault. 
In-vault maintenance would be a problem since there would be no barrier wall. 
It might be possible to lift the entire assembly out of the vault for 
maintenance. 
This alternative could have potential but was not explored further for this 
study. 
A. 1.6 Above-Ground Item Handling Device 
An attachment must be provided for the above-ground crane which can perform 
the following functions: 
• Connecting to the loaded carriage at the runout trough for transfer to 

the anteroom. 
• Disconnecting from the loaded carriage in the anteroom so the in-vault 

crane can remove the item from the carriage. 
• Reconnecting to the empty carriage for return to the runout trough. 
• Disconnecting from the empty carriage. 
It is preferable that the item be left in the shipping container carriage 
during handling by the above-ground crane to minimize trauma to the bag 
enclosing the item. 
A disadvantage of this approach is that the carriage is limited to a length 
that will fit easily into the anteroom. The anteroom dimension will be 50'-6" 
minus, the space taken by the rails for the in-vault crane. 
If absolutely necessary, the item could be removed from the carriage by the 
above-ground crane at the runout trough but this would significantly increase 
the potential for bag damage and contamination of the access area and the 
anteroom platform and is therefore undesirable. 
All activities must be assumed to require remote operation due to high 
radiation levels on some items to be disposed of. 
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A. 1.7 In-Vault Item Handling Device 
An attachment must be provided for the in-vault crane which can perform the 
following functions: 
• Connection to the LLCE item in the anteroom for removal from the 

carriage. 
• Releasing the item once it has been transported to the required position 

in the vault. 
The ability to reconnect to an item once it has been released is not 
considered necessary. Since the device will be handling the bagged item 
directly, it must be designed to minimize the potential for tearing or 
penetrating the bag. All operations must be remotely controlled. 
A.1.8 Additional Incoming Material Handling Equipment 
Equipment must be provided for moving the LLCE item and it's carriage from the 
shipping container onto the runout trough and later returning the empty 
carriage to the container. Radiation from the item should be assumed to 
prohibit direct contact by personnel during removal from the container. 
A.1.9 Video Cameras 
A minimum of two video cameras must be provided on each crane. They must 
provide remote operation of on-off, zoom, focus, pan and tilt functions. They 
should be located to provide the most advantageous views of the item being 
moved (the load). The following features or operations should be observable: 
• Connection of the crane to the load. 
• The position of the load in the vault, anteroom and port access area as 

applicable. 
• The release operation. 
• The clearance between the ends of the load and the walls. 
• The relation between the load and the crane structure when the load is 

in the full up position. 
• To the extent possible, the mechanical components of the crane. (This 

could be useful in diagnosing problems, etc.) 
One, and possibly two, video cameras will be required in the port access area 
to support removal of the equipment and carriage from the container and return 
of the empty carriage to the container. They may be beneficial in connecting 
the crane to the item but the crane cameras will probably be adequate for this 
functi on. 
A.1.10 Lighting 
Lighting must be provided on both cranes sufficient to adequately illuminate 
the features and operations listed above. The lights should not be lower than 
the lowest point on the load when it is in the full up position. It may be 
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desirable to mount some of the lights on the pan and tilt mechanisms with the 
cameras. This could be beneficial if the camera is looking in an abnormal 
direction such as inspecting the crane. As a minimum, lights should be 
capable of being turned on and off remotely. This could be as a group except 
that any lights mounted on the camera pan and tilt units should have 
individual remote on-off control. 
Lighting must be provided in the access port area sufficient to illuminate the 
process of removing the equipment from the shipping container and returning 
the carriage to the container. The process of connecting the crane to the 
equipment item will probably be adequately lit by the lights on the crane. 
It is not clear at this time whether additional lighting should be provided in 
the anteroom to illuminate the crane for maintenance purposes or whether 
portable lighting would be preferred. Either permanent lighting or 
receptacles for portable lighting will be required. Any such equipment must 
be located where it will not interfere with items being disposed of or detract 
from space needed for item movement. 
A.1.11 Control Room 
A control room must be provided which incorporates the following features and 
equipment: 
• A minimum of two video monitors of good size, probably 17" minimum. 

Resolution should be high. The question of color versus black and white 
has not yet been addressed. 

• Controls for all remote functions for all cameras. 
(Many options exist for the monitor and camera control system. As 
a minimum, there should be two monitors and one set of controls 
with appropriate switching equipment. Switch selection should 
allow displaying any camera signal on any monitor and controlling 
any camera from one set of controls. (It must be possible to view 
simultaneously with both cameras on any one crane.) 

• Controls for all above-ground crane functions. 
• Controls for all in-vault crane functions. 
• Controls for lights including individual controls for any lights which 

are mounted on camera pan and tilt mechanisms. 
• All controls and monitors shall be arranged and located for convenient, 

logical, operation. Human factors principles should be incorporated 
into the design. 

The room should be isolated from the vault ventilation system. It must be 
remote from, or shielded from, radiation from the equipment being handled and 
from equipment already deposited in the vault. Minimal heating and air 
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conditioning provisions may be desirable although the facility will probably 
not operate in the coldest part of the winter. 
The control room must be easily relocatable from one vault to another. A 
trailer may be the most practical solution. 

A.2 DETAILED DESCRIPTION OF OPTION 5 
The equipment needs and facility modifications required for Option 5 are 
described below. 
A.2.1 Basic Vault Modifications 
An access port must be provided in an upper corner of the vault end wall. The 
actual vertical position of the port will be dictated by the headroom-
requirements for the in-vault cranes. It should be as high as possible to 
minimize wasted space in the vault. 
In addition to the access port installation, access must be provided through 
the vault roof for crane installation, removal and maintenance needs. This 
access would be very similar to that provided in Option 4. It would consist 
of the following: 
Removal of several roof beams from one end of the vault. The opening must be 
sufficient to accommodate the width of both cranes. 
A concrete barrier wall is required between the space under the removed roof 
beams and the remainder of the vault and a service platform is required in the 
anteroom this creates. The requirements for these items are somewhat 
different than that for Option 4. The width of the anteroom must be 
sufficient to accommodate two bridge cranes since they will both require 
service. The barrier wall needs to be as high as possible and still allow 
passage of unloaded cranes over it. It does not have to be low enough to 
clear a load on the cranes. 
The wall could be run all the way to the floor and a removable platform could 
be installed. This arrangement would be similar to that in Option 4. In this 
case the anteroom space could be used for disposal of other forms of waste 
after the main vault has been filled and the cranes and platform removed. 
An alternative would be to combine the wall and platform into a single 
concrete structure supported on columns. The use of columns would allow the 
space underneath to be used for equipment disposal by tucking the end of the 
item into the space. In this case the platform would be left in place when 
the vault is closed. 
A.2.2 Access Building 
A building would have be provided over the openingin the roof to provide 
containment and weather protection. The building should be of unitized or 
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modular construction designed to be easily relocatable from one vault to 
another. 
While somewhat similar to the building in Option 4, this one would be smaller 
and less complicated. It would only need to cover the roof opening plus 
enough extra space for crane maintenance access. It would not need to have an 
above-ground crane if a means could be provided to get crane test weights onto 
the platform using a mobile crane. Consequently, if a crane is not required 
the building could have a lower roof. 
The building would not need an access port but would need an access door. 
The building may need space heaters or radiant heaters to prevent cooling the 
vault structure during cold weather. Additional study of this subject will be 
requi red. 
A.2.3 Anteroom Platform 
If the barrier wall between the anteroom and the main vault is installed all 
the way to the floor it will be necessary to install a removable crane service 
platform. It should be a self contained unit, similar to that described for 
Option 4, that can be readily relocated to a different vault. 
If the barrier wall is only a parapet wall incorporated into a concrete 
platform, as described under Basic Vault Modifications above, it would not be 
removable. 
The platform must have sufficient capacity to support the test weights which 
will be required for crane load testing. 
The platform must be suitable for personnel use. A ladder should be provided 
for access. 
A.2.4 In-Vault Bridge Cranes 
Two crane options have been identified for handling equipment inside the 
vault. A single bridge crane, with two trolleys, could be installed spanning 
the length of the vault or two bridge cranes, each with one trolley, could be 
installed spanning the width of the vault. 
In the single bridge option the bridge would be over 120 feet long. This 
would require significant depth to the bridge beams. To minimize headroom 
requirements the crane could be designed to raise the load between the beams 
as high as possible. Both trolleys would be used in lifting the load. 
The single bridge option presents numerous problems. The first of which would 
be the size of the beams necessary for the span. In addition, since the 
bridge would run 90 degrees to the roof beams there could be no clear access 
to the entire crane for maintenance. There would also be no way to recover 
the crane, once the vault had been filled, for relocation to another vault. 
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The trolleys might be recoverable through a reasonable sized roof opening but 
the bridge would have to be left behind. 
The double bridge option overcomes some of the problems presented by the 
single bridge but presents some others of it's own. The bridge beams would be 
much smaller since they would only have to span the 50.5' width of the vault. 
However, they run transverse to the item being carried so it could not be 
raised between the beams to reduce headroom. Operation would be slightly more 
involved due to the need to move two bridges instead of one. 
On the plus side, both cranes could be serviced through one reasonably sized 
hole in the roof and both cranes could be recovered for relocation to another 
vault. 
It is felt, at this time, that the two bridge method is the best choice. 
However, a more detailed look might provide additional insight into the single 
bridge system that could improve it's viability. 
A.2.4.1 Details of the Two Bridge Crane System 
Two identical bridge cranes would be provided which run on rails located on 
the long sides of the vault. As a pair, they would be capable of covering the 
entire vault area including the anteroom. The cranes must be as high as 
possible under the roof and should be specially designed to minimize headroom 
requirements. Each crane should have one trolley. Each trolley should have a 
hoist with a single lifting attachment. The lifting attachments would be 
designed to best suit handling of the anticipated types of items. 
Crane controls should be capable of independently controlling each hoist, 
trolley and bridge. In addition, they should be capable of synchronized or 
master-slave operation when that mode is selected. In synchronized operation 
both bridges would move in unison in response to a single control input, both 
trolleys would move in unison to a single control and both hoists would do 
likewise. While synchronized operation is not mandatory it is highly 
desirable due to the great operational simplification and reduction in error 
potential that it affords. 
The entire crane assemblies must be designed to minimize headroom 
requirements. While a certain amount of headroom is necessary to allow 
passage under the roof of the equipment being deposited, the crane structure 
should not add any more to this than absolutely necessary. All headroom 
subtracts from useable vault space and is therefore undesirable. It should be 
kept to an absolute minimum. The overall cost of vault space is high and 
every bit of space lost to headroom or other non-storage uses adds to the cost 
of the remaining space. 
The bridge/trolley assemblies should be capable of being installed and 
removed, as a minimum number of assemblies, through the opening in the roof 
above the anteroom. The assemblies, except for the bridge support rails and 
possibly the power supply conductors, should be easily removable through the 
roof opening for reinstallation in another vault. 
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The cranes must have sufficient capacity to support the heaviest item that can 
be expected to be disposed of in the vault. Since the weight of the load may 
be concentrated toward one end, each crane should have the capacity to handle 
the weight of the entire load. 
Power supply conductors for the cranes must be well protected from accidental 
contact with the equipment being handled (the load). 
Radio controls should be considered if they offer advantages over hard wired 
controls for this application. 
A means should be provided for retrieval of the bridge cranes to the anteroom 
position in the event that any failure in a bridge drive system causes a unit 
to be stranded inside the vault. Human access to the cranes inside the vault 
will be prohibited by radiation levels. All maintenance will have to be 
performed from the anteroom position. 
Two retrieval ideas are mentioned under Option 4. They would be equally 
applicable to this option. 
A.2.5 In-Vault Item Handling Device 
Material handling attachments must be provided for the cranes that will allow 
Dicking a long-length item up off it's shipping container carriage (which will 
3e resting on the runout trough), transporting it to the desired location in 
the vault, lowering it into position and remotely releasing it. The ability 
to reconnect to an item once it has been released is not considered necessary. 
Since the device will be handling the bagged item directly, it must be 
designed to minimize any potential for tearing or penetrating the bag. 
It is presumed the lifting device will be a long assembly, supported from both 
cranes, which has the capacity to fit any anticipated length of equipment to 
be disposed of. The length of the device should automatically adjust as the 
crane bridges are moved together or apart. The device should be capable of 
shortening until the cranes contact each other. It's overall collapsed length 
should not exceed the overall width of the two cranes. This would prevent it 
from interfering with positioning of the cranes over the crane service 
platform. 
It may be desirable to provide an interlock means on the cranes to limit 
maximum separation between them to the maximum extension of the lifting 
device. This would prevent lifting device or cable damage due to excessive 
crane separation. 
A.2.6 Video Cameras 
Provide a minimum of two video cameras on each crane. They must provide 
remote operation for on-off, zoom, focus, pan and tilt functions. They should 
be located to provide the most advantageous views of the item being moved (the 
load). The following features or operations should be observable: 
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The position of the load in the vault or on the runout trough. 
The connection operation. (The process of gripping the LLCE item by the 
lifting mechanism.) 
The release operation. 
The clearance between the ends of the load and the walls. 
The relation between the load and the crane structure when the load is 

the full up position. in To the extent possible, the mechanical components of the crane, 
could be useful in diagnosing problems, etc.) 

(This 

One, and possibly two, video cameras may be required in the port access area 
to support removal of the equipment and carriage from the container and return 
of the empty carriage to the container. They may be beneficial in connecting 
the crane to the item but the crane cameras will probably be adequate for this 
function. 
A.2.7 Lighting 
Lighting must be provided on all cranes sufficient to adequately illuminate 
the features and operations listed in B.2.7. The lights on the in-vault 
crane(s) should be no lower than 
the full up position. It may be 
pan and tilt mechanisms with the 
camera is looking in an abnormal 
lights should be capable of being 

the lowest point on the load when it is in 
desirable to mount some of the lights on the 
cameras. This could be beneficial if the 
direction such as inspecting the crane. All 
turned on and off remotely. This could be 

as a group except that any lights which are mounted on the camera pan and tilt 
units should have individual remote on-off control. 
Lighting must be providecfin the access port area sufficient to illuminate the 
process of removing the equipment from the shipping container and returning 
the carriage to the container. The process of connecting the crane to the 
equipment item will probably be adequately lit by the lights on the crane. 
It is not clear at this time whether additional lighting should be provided in 
the anteroom to illuminate the crane for maintenance purposes or whether 
portable lighting would be preferred. Either permanent lighting or 
receptacles for portable lighting will probably be required. Any such 
equipment must be located where it will not interfere with items in process or 
detract from space needed for item movement. 
A.2.8 Control Room 
A control room must be 
equipment. Only a few 
Option 4. 

provided which incorporates the following features and 
items are different from those listed in B.l.ll for 

A minimum of two video monitors of good size, probably 17" minimum. 
Resolution should be high. The question of color versus black and white 
has not yet been addressed. 

• Controls for all remote functions for all cameras. 
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(Many options exist for the monitor and camera control system. As 
a minimum, there should be two monitors and one set of controls 
with appropriate switching equipment. Switch selection should 
allow displaying any camera signal on any monitor and controlling 
any camera from one set of controls. (It must be possible to view 
simultaneously with both cameras on any one crane.) 

• Controls for all above-ground crane functions. 
• Controls for all in-vault crane functions. Controls for the dual in-

vault crane case should include the ability to synchronize both cranes 
to a single set of controls. See B.2.4.1 for additional information. 

• Controls for lights including individual controls for any lights which 
are mounted on camera pan and tilt mechanisms. 

• All'controls and monitors should be arranged and located for convenient, 
logical operation. Human factors principles should be incorporated into 
the design. 

The room should be isolated from the vault ventilation system. It must be 
remote from, or shielded from, radiation from the equipment being handled and 
from equipment already deposited in the vault. Minimal heating and air 
conditioning provisions may be desirable although the facility will probably 
not operate in the coldest part of the winter. 
The control room must be easily relocatable from one vault to another. A 
trailer may be the most practical solution. 


