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0 INTRODUCTION 

Duke Engineering and Services Hanford Company has issued contract MCB-SLB-A01129 to 
NAC International for final design of the K-Basin Multi-Canister Overpack (MCO) Loading 
System. The scope of service performed under this contract has been directed by the Statement 
of Work, HNF-SD-SNF-SOW-009. The final design scope develops the system concept design, 
presented in report “Conceptual Design Report for the Hanford K East and K West Basin MCO 
Loading System” E-15278, into a final design package. Project deliverables include a design 
report documenting mechanical and control systems for fabrication. This report includes the 
following project deliverables: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 

General Arrangement Drawing 
MCO Loading System I Contamination Pail System Interface Drawings 
Control Equipment General Arrangement Drawings 
Detail Drawings 
Assembly Drawings 
Installation Drawings 
System Design Description 
Failure Modes and Recovery Plans 
Operational Description 
Stress Analysis 
Catalog Cuts 
Certified Materials Test Report Listing 
Design Basis Codes and Standards 
Cost Estimate 
Schedule 

Design Report No. 444-R-01 has been prepared in four volumes. Volume 1 presents items 1 
through 13. For convenience of the reader, Volume 2 and Volume 3 present design drawings and 
catalog cuts discussed in Volume 1. Volume 4 presents cost estimates and fabrication schedule 
information as required by items 14 and 15 of the project deliverables. 

The MCO Loading System is a semi-automated mechanical system for transfer of fueled baskets 
from the fueled basket queue located adjacent to the South Loadout Pit channel entrance into the 
MCO. It has been classified as a General Service (non-safety) system, (Reference 8.6). Design 
of the system permits remote operator control minimizing exposure to high radiation areas 
supporting site ALARA objectives. 

System operation begins with the placement of a fueled basket into the loadout pit channel 
shuttle cart using the perimeter monorail system and basket handling equipment. Following 
verification of proper loading, the shuttle cart is transported through the loadout pit transfer 
channel to the shuttle cart unload location in the loadout pit. Once the operator verifies that the 0 
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shuttle cart and fueled basket are in their proper location, a ball screw mast with basket grapple is 
lowered into the basket and secured. The basket is then raised to an elevation that clears the 
MCO, moved and centered with the MCO loading position, and lowered into the MCO. 
Following confirmation that the basket is properly positioned into the MCO, the ball screw mast 
is extracted and returned to the shuttle unload basket pickup point to retrieve the next basket. 

While the ball screw mast picks the fueled basket f?om the shuttle cart and placed it into the 
MCO, the shuttle cart returns to the load position adjacent to the fueled basket queue. When the 
system equipment returns to the original start location, the load cycle is ready for the next basket 
load cycle. Repeating the load cycle for a predetermined number of cycles completes MCO 
loading. Once the MCO is loaded the MCO shield plug is retrieved and positioned into the 
MCO. 

a 
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1.0 FINAL DESIGN DRAWINGS 

Six different drawing types have been developed as part of the final design work scope. These 
sets of drawings include: 1) Equipment General Arrangement Drawings; 2) MCO Loading 
SystedContamination Pail System Interface Drawings; 3) Control Equipment General 
Arrangement Drawings; 4) Detail Drawings; 5 )  Assembly Drawings; and 6) Installation 
Drawings. Drawings have been assembled as Appendix E under separate cover, Volume 2, for 
convenience of the reader. 

1.1 EauiDment General Arrangement Drawings 

General arrangement drawings integrating K-Basin facility structure, K-Basin Loadout Pit 
Operations Equipment, and the MCO Loading System have been prepared to insure interference 
is not created when the two new hardware systems are installed into the existing facility. This set 
of drawings presents the MCO Loading System in different operation positions which provide an 
envelope for Loadout Pit operations. Both side and plan views validate operation free of 
interferences. 

1.2 

Drawings have been prepared for the interface components between the MCO Loading System 
and the K-Basin Operations Equipment. These components include: 1) a set of alignment 
tooling that protects the MCO top lip and MCO shield plug threads when loading the fueled 
baskets into the MCO and setting the shield plug in place; 2) Contamination (Immersion) Pail/ 
Immersion Pail Support Structure Base Plate horizontal alignment components; and 3) Shield 
Plug drain tube alignment reach tool. 

MCO Loadinp SvstedContamination Pail Svstem Interface Drawin= 

0 

1.3 

General arrangement drawings of the MCO Loading System Controls have been completed 
defining the two control stations, one located at the basin viewing area and one located at the 
remote viewing area. Control panel layout drawings, field wiring and a power schematic for 
each station is also included. 

Control Equiament General Arrangement Drawings 

1.4 Detail Drawings 

Details of the MCO Loading System have been prepared, including: 

L Shuttle drive cylinder mounted spring compliance cable pulleys 

Shuttle segmented overhead vertical supports 
Shuttle seismic restraints 
Mast ball nut, ball screw, disc brake, motor mount 

9 
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Gantry spur gear drive system, frame assembly weldments, guide shafts 

1.5 Assemblv Drawings 

Assembly drawings of the shuttle, gantry and mast include the shuttle fiame, carriage guide 
wheels, and basket fixture, the structural layout for the gantry, and the orientation of the drive 
belt, brake, ball nut, grease seals and thrust bearings of the mast. 

1.6 Installation Drawings 

MCO Loading System support requirements and restraining devices for the mast, shuttle and 
gantry are showiin the installation drawings. This includes overhead support beams, seismic 
restraints and pneumatic requirements for the shuttle, gantry mounting requirements, and 
madgrapple interface requirements. 

The shuttle may be installed independent of the gantry/mast. Overlap in all component travel is 
provided to assist in installation alignment. 

10 
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2.0 MCO LOADING SYSTEM DESCRIPTION 

Figure 2.1 presents an integrated systems general arrangement for the MCO loading system with 
the loadout pit operations equipment as to be installed in the K-Basin South Loadout Pit facility. 

\/\A/\/ 

Figure 2.1 

2.1 Transfer EauiDment System DescriDtion 

The MCO Loading System is divided into five sets of components: 

(1) One (1) queue shuttle, which carries the spent fuel basket fiom the K-Basin basket 

(2) One (1) single motion extending mast with grapple, which lifts the basket from the 
queue to the basket unload location in the loadout pit, 

shuttle and places the basket into the MCO, 

11 
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(3) One (1) single axis bridge gantry which traverses the mast from the shuttle unload 
position to the MCO load position, 

(4) MCO shield plug insertion tooling, and 
(5) Guide Tooling for baskets as they are positioned in the MCO. 

2.1.1 Shuttle meference Drawing 444-300 and Fimre 2.2) 

The shuttle is a linear motion device with approximately eleven feet and six inches (1 1’4“) 
travel. It will transport the 3200 pound (maximum) MCO basket from the fuel basket queue to 
the basket unload position in the loadout pit for subsequent MCO loading process. The shuttle 
cart utilizes corrosion resistant linear motion rollers on parallel rails. The rails are suspended 
from a structural steel h e w o r k  anchored to the operations floor. This framework spans the 
transfer canal without interference with existing structures. Control of the shuttle carriage load 
and unload positioning is provided by shock absorbers and adjustable “hard stops”. 

After the shuttle carriage is manually loaded with a basket from the K-Basin queue, an 
underwater camera is used to verify fuel does not extend above the basket seating surface. To 
minimize operator radiation exposure during movement of the basket queue to the shuttle 
carriage, reduce MCO Loading System cycle time requirements, and operate within the system 
height limitations, basket gauging which verifies the fuel basket fits into the MCO is completed 
before the basket is moved to the shuttle carriage. 

A summary of the shuttle height limitations may be itemized as follows, with the remaining 
vertical allowable distance listed to the right: 

1. The maximum basket lifting height is 5’4” ...................................................... 5’4” 
2. The shuttle must be positioned over the 3’8” high exclusion area .................... 1’8” 
3. The design height of the shuttle frame is 11.25” .............................................. 8.75” 
4. A clearance of 3” is required between the basket base and top of carriage ...... 5.75” 
5. A pilot distance of 1.75” is required for basket loading ................................... 4.00” 

0 

Therefore, only 4” of the full 23.17” basket height may be gauged by the shuttle. 

After placing the basket onto the shuttle carriage, the shuttle indexes the carriage to the unload 
position in the loadout pit. The shuttle drive system is a pneumatic controlled, fixed length cable 
connected to a power cylinder on opposite sides of the shuttle carriage. The shuttle carriage is 
fixed to the cable in the center of system travel. Upon activation, one cylinder retracts, the 
opposite cylinder extends and the carriage is pulled by the cable to one end of the shuttle rail, 
against hard stops. The pneumatic cylinders are located external to the pool with only cylinder 
rods exposed to the water. The cable, pulleys and other shuttle drive system equipment is 
permanently located beneath the water surface. The cylinder rods are immediately sleeved by the 
cylinders as they are raised from the pool surface, minimizing radiation exposure from airborne 
contamination. 

0 
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Horizontal seismic restraints are attached to the sides of the shuttle cart guide rails to eliminate 
e - 

dynamic response of the shuttle structural system. These seismic restraints, once positioned at 
the time of system installation, are passive and transfer seismically initiated forces to the adjacent 
basin concrete structures. 

2.1.2 Mast and GraRde 

The mast and grapple (Figure 2.3) lifts the fuel basket from the shuttle, supports the basket as the 
gantry traverses to the center of the MCO load position, and lowers the basket to predefined 
positions in the MCO. 

The mast is a linear guided ball screw drive device (Figure 2.4) which picks the MCO fueled 
basket from the shuttle unload position and places it into the MCO. The ball screw is driven by a 
1.5 horse power servo motor and controller for infinitely programmable positioning capabilities. 
The mast incorporates a Grapple Extension Compliance Mechanism (GECM) device connected 
to a Linear Variable Differential Transducer (LVDT). The GECM provides compensation to the 
extending mast by allowing the column to retract up to two inches before the assembly will be 
exposed to compressive loading. Position feedback monitoring of mast load is provided by the 
LVDT. Receiving a signal which indicates system loading outside of normal limits will stop all 
mast motion. 

A video camera mounted at the base of the mast focuses on the grapple. The grapple is 
pneumatically operated by a cylinder mounted in the GECM. The mast VideocGera provides 
monitoring of all grapple operations and a N1 view of the fuel basket. 

In addition to the grapple locked load design, a Grapple Anti-Release Mechanism (GARM) 
limits grapple operations to directed operator action. Prior to achieving a grapple release, 
operation procedures require verification that: 

a) the mast assembly is properly positioned; 
b) the compliance device has retracted properly; 
c) the LVDT and monitor verifies all equipment locations. 

14 
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Figure 2.3 
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Figure 2.4 
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When the mast reaches a preprogrammed point for basket positioning in the MCO, the following 
sequence occurs to open the grapple and release the basket: 

1. Mast descends 1 %” travel after initial no load signal. 
2. Grapple anti-release mechanism (GARM) starts to disengage. 
3. Mast descends %” more to totally disengage anti release mechanism. 
4. Record 1 %” total travel on LVDT. 
5. No load on load cell. 
6.  Verify height position on controls 
7. Verify visually using monitor and grapple pin. 
8. Open grapple. 

Steps 1-5 occur automatically using system controls; steps 6 and 7 are manually activated. Step 
8 may be manually activated using a push button (following successful completion of all 
preceding sequential stops) or automatic. 

2.1.3 Gantry 

The gantry (Figure 2.5) provides the mast transport cycle from the shuttle unload position to the 
MCO loading position and returns the mast to the shuffle unload position after placing the basket 
intheMCO. 

The single axis bridge gantry is a linear motion device mounted on facility structural steel 
extending parallel to the loadout pit fuel transfer canal from mezzanine support columns. The 
travel of the gantry is approximately four feet axially along the centerline of the canal. Drive 
motion is provided by a rack and pinion gear linear bearing arrangement. The gantry motion 
control is provided by a ‘A horse power motor drive with a 8 1  gear reducer and limit switch 
controlled stops. 

2.1.4 Shield Plug Insertion Tooling 

Part of the MCO Loadmg System integration with other K-Basin systems is provided with 
incorporation of the MCO shield plug placement into the MCO following basket loading. The 
shield plug insertion tooling provides an interface between the K-Basin auxiliary crane and the 
MCO shield plug. After successful installation is verified by a video camera mounted near the 
MCO entrance, the operator will manually disengage the tool from the shield plug using a ‘j’ 
hook reach tool. 

17 
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2.1.5 Guide Toolinp 

A combination Basket Guide and RetainedShield Plug Guide are inserted at the MCO entrance 
to protect the hardware and align the fuel baskets during loading process. 

The MCO Basket Guide is used to protect the MCO internal shield plug retainer threads and 
seating surface as baskets are inserted. 

The MCO RetainedShield Plug Guide pilots the shield plug into an aligned position and protects 
the top edge of the MCO during the placement of the shield plug in the final position. 

2.2 Svstem Operational Controls 

The MCO loading control system has two control stations, one located at the basin viewing 
area and one located at a remote viewing area (Reference Figure 2.6). System operations 
and CCTV camera control and viewing are performed at the basin control station. CCTV 
camera viewing and recording are performed at the remote viewing control station. 

The basin viewing control station consists of two skid mounted cabinets. One cabinet controls 
basket loading and associated functions, and contains the following components: PLC, CRT- 
based man-machine interface, motion controller, servo drive with power supply and transformer, 
and safety shutdown and supervisor override hardware. The second control cabinet contains the 
CCTV cameral control and viewing hardware. It consists of the following components: three 
camera controllers with pan and tilt and zoom capability; one camera controller with fixed optics; 
two monitors; and two four signal video switchers. 

All process operations are performed from the control console located at the basin viewing area. 
The CRT-based man-machine interface (MMI) is used to send commands to and receive the 
status from the MCO Loading System. The MMI provides continuous display of the system 
status. A graphic display of the loaded baskets is shown. Safety shutdown and supervisor 
override functions are hardwired. 

All wiring and control equipment shall comply with the National Electric Code, ANSI/NFPA 70. 
All components are selected for 100Y0 duty cycle as specified in Article 310. 

The CCTV camera viewing system will be provided for process step verification by the operator 
and for maintenance and checkout. Four cameras will be provided. They will be positioned to 
view the shuttle loading area, the shuttle unloading area, the top of the MCO, and grapple end of 
the mast. 

19 
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a 
Figure 2.6 
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' I  

BASINVIEWING 
CONTROL STATION 

REMOTEVIEWING 
CONTROL STATION 
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The mast CCTV camera is the only control component which will receive any significant 
radiation exposure. Over the lifetime of the MCO Loading System it will receive no more than 
20% of the maximum allowable dose for a standard non-radiation hardened industrial CCD color 
camera. Therefore a standard non-radiation hardened industrial CCD color camera has been 
selected for this and all four locations. 

The remote viewing control station is located in anon contaminated area. It contains CCTV 
camera viewing and recording hardware. It consists of one fixed control cabinet that contains the 
following components: one monitor, one VCR, one character generator, and one four signal 
video switch. This system can view and record any one of the four camera signals independent 
of the basin viewing system. 

Further description and maintenance requirements on the System Controls and Logic 
requirements are discussed in Appendix B. 

2.3 Facilitv Interfaces 

The MCO Loading System is supported by the following facility interfaces: 

120 VAC 1 0 
460 VAC 3 0 
100 psi, 10-20 c h ,  non -lubricated air 
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Operator 
Checkpoint 

MCO Loading Step Operator Verification 
Identifier Activities 

2.5 Basket Lift Height 

The gantry mast has a fixed maximum elevation of -8’6” relative to the operations floor at 0.0. 
At this elevation, the ballscrew, guide tubes and slide bottom are at the mechanical end of travel 
(Reference Drawing 444-211, Rev. 0). This fixed elevation meets the -8”” basket lift height 
limit defined in Reference 8.1, Section 4.2.2. 

2.6 Manoower Reauirements 

The majority of the MCO loading operation is automated such that minimum staff intervention is 
required. One operator may successllly survey all monitors and control the MCO loading 
operation at the main control station. Placement of the shield plug is the most labor intensive 
sequence. Using tooling provided with this system, shield plug insertion is accomplished with 
two (2) operators, meeting the requirement of Reference 8.1 Section 4.2.3. 
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2.7 EauiDment Sensors/Control Features 

Specification WHC-S-0546, Rev. 0-A, section 4.2.6, states “The MCO Loading System shall 
include engineered features that preclude damage to the MCO, cask, and immersion pail 
container during the basket loading and shield plug insertion operations.” To support this 
requirement, the following features are included: 

2.7.1 Load Cells 

Three (3) load cells are directly mounted in the line of force for the mast and grapple to 
continuously monitor operating loads during the complete fuel baskets handling operations. 
These three load cells provide the ability to: 

- Verifv fuel baskets have been successfullv mimed. Following grapple 
activation, the basket is lifted approximately one inch and temporarily held in 
position. The load cells are automatically checked for feedback measurements 
falling within a predetermined range. If the load cells do not provide acceptable 
measurements or are not equivalent within an acceptable range, the system will 
be halted. 

- Identifv extraneous/unulanned loads on the mast. Following verification that the 
fuel baskets have been successfully gripped, the load cells are “zeroed out.” As 
the basket begins to rise, traverse to and lowered into the MCO, the load cells 
continuously monitor the operational load. At any time, if a load is measured 
that exceeds a predetermined limit, the basket motion will be halted. 

2.7.2 

One (1) LVDT is directly linked to the mast compliance device to provide positioning feedback 
as the mast performs the load and unload operations. 

2.7.3 Video Cameras 

Four (4) video cameras with lights are strategically located to provide visual monitoring 
capability for the following processes: 

- shuttle load; 
- shuttle unload; 
- MCO load; 
- all mast end of arm tooling operations. 
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2.7.4 Electric Fail Safe Brake on Bridge Gantrv Motor 

The bridge gantry traverses the mast (and basket) from the shuffle unload to the MCO. To 
prevent loss in position the gantry drive motor includes a fail safe break which will automatically 
lock the motor in position during any power failure or outage. 

2.7.5 Electric Caliaer Fail Safe Brake on Screw 

The drive screw powers the mast (and basket) through all motions and is controlled by a 1.5 
horse power servo drive motor and caliper brake. To prevent uncontrolled descent in the mast 
(and basket), the caliper brake includes fail safe features that lock the drive screw in position if 
any outages occur. 

2.7.6 Switch and Roller-Follower on Mast Drive Belt 

A drive belt provides the interface between the mast ball screw and motor. A spring mounted 
roller connected to a limit switch constantly rides the mast drive belt to prevent the ball screw 
from dropping in case of belt breakage. If the belt broke, the roller will fall inward and the limit 
switch would immediately activate the caliper brake, locking the mast in position. This system is 
provided to add safety to operations even though the drive belt exceeds operatingkafety 
requirements for this application several times over. 0 

2.7.7 Dual Ball Path in the Ball Nut 

The drive screw ball nut bearings cycle through the screw thread and grooves in the nut as it 
turns, driving the screw vertically upward or downward. A second complete set of bearings 
riding in a separate groove provides backup. If bearing leakage occurred, this second set of 
bearings will prevent an uncontrolled fall. 

2.7.8 Back-up Limit Switches 

The shuttle and gantry drive are non servo, fixed position indexing devices. The shuttle and 
gantry cycle positions are set using l i t  switches. To provide additional szfety, each limit 
switch is backed up by a second limit switch slightly offset from the primary limit switch, 
followed by hard stops. 

2.7.9 GECM (Grapale Extension Comoliance Mechanism) 

A GECM (Grapple Extension Compliance Mechanism) provides continuous monitoring of 
system operations. Off normal operation is instantly identified activating system interrupt 
features. e 
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ITEM # 
1 
2 
3 

2.7.10 Manual Overrides 

DESCRIPTION DESIGN LIMITS MTTR (Hrs.) 
PLC 90,000 6 

Servo/resolver 45,000 8 
Bridge motor 60.000 8 

Manual overrides are provided on the shuttle, mast, gantry, and grapple systems permitting 
operations to interface in the event of equipment failure. The mast and gantry may be operated 
independent of the primary driving system by inserting a drill motor. The shuttle may be 
manually driven by a reach tool. The grapple may be manually activated by special tooling 
accessing the grapple release mechanism. 

2.8 Oualitv Control 

Per Reference 8.6, “The Multi-Canister Overpack Loading System has been classified as a 
General Service (non-safety) system. Design control has been implemented through independent 
checking and verification of the design and engineering calculations. 

2.9 Reliabilitv Analysis 

The following table identifies system component operation life, including Design Limits and 
Mean-Time-To-Repair (MVITTR) for the control system components, sensors, and actuators. Data 
has been obtained from manufacturers where available. 
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2.10 Maintenance Reauirements 

The MCO Loading System has been designed to provide a high degree of system reliability with 
minimal maintenance, using easily replaceable equipment where maintenance may be required. 
The shuttle drive system consisting of a cable, pulleys and two pneumatic cyliiders has no 
maintenance requirements. The gantry drive system is a dual rack and spur gear system capable 
of significantly faster speeds, cycle times and loads than required for MCO loading. The 
stainless steel ball screw, guide shafts and grapple interface tooling are designed for operation in 
the K-Basin water. 

It is recommended that conformation of the control equipment set points be subject to periodic 
evaluation to assure proper system operation. This maintenance will consist of checks on the 
digital inputs, digital outputs, analog inputs, and motion control inputs & outputs. The following 
table provides recommendations for maintenance checkout/calibration of the control equipment. 

DEVICE 

Zmergency Stop 

?rimary & backup 
limit switches 
Supervisory override 
switch 

Bridge motor 

4larm beacon 

Load cells 

Load cells 

LVDT 
Mast motorlresolver 

MAINTENANCEICALIBRATION 
PROCEDURE 

Depress E-Stop. Check for removal of 120 VAC control power and for 
deenergization of all control outputs. 
Manuallv activate each limit switch one at a time Veri& that the control 
system kdicates activation of the appropriate limit switch. 

Activate override switch. Verify that the control system indicates 
activation of the override switch input. 
In the MANUAL operational mode activate the bridge motor TRAVEL 
& RETURN outputs. Verify that the bridge moves in the appropriate 
direction. 
In the MANUAL operational mode activate the alarm output. Verify that 
the beacon alarm is activated visually and audibly. 
In the MANUAL mode backup the GECM until the load cells are all 
unloaded (Le., read a nominal zero output). Check for a zero output on 
each load cell. Then activate the shunt calibration resistor for each load 
cell. Check for the correct output from each load cell (should be a 
nominal 80% of FSO) 
Replace one of the 3 load cells with a calibrated load cell (secondary 
standard). Apply two loads to the load cells (nominally 20% & 80% of 
full scale load) and compare the outputs of the two existing load cells 
with the secondary standard. Any imbalance in the load cells should be 
taken into account. 
With no backup of the GECM check for zero output from the LVDT. 
"hen in the MANUAL operational mode backup the GECM to a nominal 
80% of its FSO. Compare the LVDT output with a dimensional 
measurement of the actual LVDT travel. 
In the MANUAL operational mode move the mast an incremental 
distance. Compare the amount of movement indicated by the control 
system with a dimensional measurement of the actual mast travel. 

FREQUENCY 

Monthly 

Annually 

Annually 

Annually 

Monthly 

Quarterly 

m u a l l y  

Annually 

Annually 
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Device 
Shuttle Rollers 

Mast’Screw Drive 
Gantry Spur Gear and Rack 

2.11 Lubrication Reauirements 

Lubrication Specifications 
Corrosion resistant wheel and shaft with non lubricating bearings; 44OC roller 
with graphite bushing riding on 400C hardened stainless steel. 
Grease seals are mounted at the ball nut. No other lubricant is required. 
No lubricant required. 

The MCO Loading System has been designed for minimal lubrication, e l i i a t i n g  foreign 
material in the K-Basin water while supporting system operation requirements. As identified 
below, materials for the main wear surfaces (shuttle rollers, ball screw and gantry spur gearhack) 
have been selected to operate without lubrication. 

2.12 Eauipment Interface/Installation/Assembly Clearances 

All components of the MCO Loading System have been designed to accommodate installation 
limitations in the K-Basin East and West structures. 

2.12.1 Shuttle Installation 

The shuttle hardware is to be mounted directly above the exclusion area in the K-Basin fuel 
transfer canal The shuttle is suspended from the operating floor and supported laterally using the 
basin walls for load bearing surfaces. To accommodate limited ceiling clearance, the suspension 
arms are segmented rectangular tubing sequentially bolted together as the shuttle is lowered into 
the basin. 

To compensate for possible variation in dimensions and provide lateral support, adjustable 
wedges are welded to the side of the shuttle. Following vertical positioning and anchorage of the 
shuttle, the wedges are expanded using a reach tool to laterally fix the shuttle against the K-Basin 
walls. 

2.12.2 Gantrv Installation 

Site structure provides two beams extending from WF 6 @ 15.5 columns with it’s top surface 
eleven foot, one inch (1 1’ 1”) fiom the floor and one hundred inches (100”) center to center to 
support the gantry. 

2.12.3 Component Travel Overlap 

i. 

An evaluation of Facility Interfaces is shown in Table 2.12-1 below. The shuttle, gantry and 
mast extension travel include additional stroke distance to compensate for installation/assembly 
tolerance requirements. Programming positions for the shuttle and gantry to accommodate any 
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additional stroke requirements is provided by adjustable position limit switches. Extended stroke 
in the mast is provided by program adjustments. 

Table 2.12-1 

Section 
6.2.1 

6.2.2 

6.2.3 

6.2.4 

Evaluation Of Facility Interfaces 
I WHGS-0546 I WHC-S-0546 Requirement I Interface Evaluation 1 

Existing Monorail System 

Existing Basin Structures 

Loadout Pit & Transfer 
Channel 

Existing monorail system will not be integrated 
into the MCO Loading System design. 
The MCO Loading System design will utilize site 
provided structure over the loadout pit. 
a Integrating with current design of immersion 

pail system using adapter components 
b Accommodates existing equipment in 

transfer canal. 
a Tooling is provided with the MCO system to 

integrate with the auxiliary crane, providing 
interface with the shield plug for placement 
into the MCO. 
The MCO GanQ will retract against the bay 
mezzanine, providing clearance for the crane 
block and MCO during MCO loading. 

Transfer Bay Crane/Auxiliary 
Crane 

b 

Table 2.12-2 
Evaluation Of Fuel Retrieval System & MCO Basket Interfaces 

I WHCS-0546 1 WHC-SO546 I Interface Evaluation I 
The shuttle system is designed to interface with the 

Interface fuel basket queue at appropriate elevations. 
Seismic restraints and queue loading height limits 
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6.3.4 

An evaluation of the MCO Loading System interfaces with the loadout pit equipment is provided 
0 

Transportation System 

in Table 2.12-3. 

Table 2.12-3 
Evaluation Of Loadout I 

I WHC-SO546 I WHC-SO546 

ensure MCO loading 
within specified liiits. 

t Equipment Interfaces 
Interface Evaluation I 

Due to the elevation of the shuttle and the 
operational l i i i t  maintaining the fuel basket below - 
8.0’, the MCO gauging operation is limited to the 
fuel queue. 
MCO has been designed with two (2) adapters to 
protect MCO seal flange, MCO shield plug nut 
threads, and overall MCO opening during loading. 
These adapters are termed the “Basket Funnel 
Guide” and the “Shield Plug Guide”. 
The MCO Loading System is fully integrated with 
the loadout pit operations equipment. 
The MCO Loading System includes tooling to 
interface the shield plug to the auxiliary crane and 
remotely disconnect from the shield plug following 
shield plug placement. 

I. 29 



HNF-SD-SNF-DR-004, Rev. 0 
Design Report 444-R-01 
Hanford K East & K West Basin 

MCO Loading System Volume1 % 

Revision 0 

3.0 FAILURE MODES & SYSTEM RECOVERY PLANS 

c 
d 

The following procedures are listed as hypothetical cases for failure modes and system recovery. 

Check all accessible features ofthe shuttle drive system. 
Manually move carriage to ‘%an removal position” and 

Table 3.0-1 Failure Modes & System Recovery Features 

b 
c 
d 

- 
Failure 
Mode 

1 
- 

- - ~  
Manually move the gantry to the shuttle unload position. 
Lowerlretum the basket to the shuttle. 
Raise the mast lo the full up position. 

- 
2 

Mast fails while lowering 
basket into the MCO 

- 
3 

a Observe all monitoring features of mast including 
LVDT’s, load cells and video cameras to determine 

- 
4 

- 
5 

still does not fit, rehm basket to storage area and record 

correct operation. Check installation components 
I including wedges, seismic restraints, support channels. 

g 11 Correct or replace defective component. 
Mast fails to lift basket or I a I Observe all monitorine. features of mast includine 
;tops in the basket lifting 
:ycle of problem. 

LVDT’s, lod cells and video camera to determine source 

LVDT’s, load cells and video camera to determine source 
with a basket of  nrnhlem 

I I source of nroblem. 
~~ r -  - - ~ ~ ~ ~ - -  

dly raise the mast to the full up position 
I move the gantry to the shuttle unload PO: iition 

Mannnllu I m ~ r  hnclr-t +,.Fhn~wn 

~ . . . ~  
e 1 Manually release the basket to the shuttle 

Iv raise the mast to the full un nnqitinn 
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Failure Mode Description 

Table 3.0-1 Failure Modes & System Recovery Features (Continued) 

System Recovery Feature 
- 
Failure 
Mode 

6 
- 

Shuttle cable breaks 

- 
7 

a 
- 

8 

doad cells do not “zero 
)ut” at basket “resting” 
)osition. 

- 
9 

- 
b 

- 
C 

- 
d 

- 
e 

f 
- 
- 

g 
a 

- 
b - 
C 

- 
d 

Srapple fails to release the 
mket 

Shuttle cylinder pressure is 
:one. 

1 C 

Observe all monitoring features of mast including 
LVDT’s, load cells and video cameras to determine 
source of problem. 
Select the combination of manual and powered steps to 
return the basket to the shuttle. 
Manually raise the mast to the full up position. 
Correct or replace the defective component. 
No change in cylinder position will occur because they 
are tied by a single cable. ( Ifthe carriage is moving 
during pressure outage, all motion will stop.) If a cylinde 
drops, pulley guards will keep excess cable aligned. 
Examine all cylinder plumbing for leakage. 
Manually move carriage to shuttle load or unload positioi 
(if needed) using external pressure supply. 
Determine accessibility of cable break relative to pulley 
system and carriage. If broken ends of cable are 
inaccessible, shuttle must be removed and a new cable 
must be installed. 
If accessible, using a reach tool, retrieve broken end of 
cable. 
Splice new cable to failed cable at break closest to a 
cylinder. 
Reel one end of failed cable backward though pulley 
system using accessible part of failed cable, thereby 
simultaneously lacing new cable through a portion of 
pulley system. 
Manually remove carriage. Attach opposite end of new 
cable to second segment of failed cable. 
Reel opposite end of failed cable backward through 
pulley system, thereby lacing new cable through 
remaining portion of pulley system. 
Retum carriage to shuttle. 
Observe grapple positioning using video camera and 
monitor. 

Raise basket to home position. 
Check operating parameters and test load cells. Observe 
MCO loading history based on recordings of previously 
loaded baskets for reasons of discrepancy. 
The basket may be unloaded with out load cell “zero out” 
using the suoervisor-kev lock mode 
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Step 
Identifier 

1 

2 
3 
4 
5 
6 

4.0 SYSTEM OPERATIONAL DESCRIPTION/SEQUENCING 

The following table outlimes sequential steps for cycling one spent fuel basket from the loading 
queue to the MCO. Estimated cycle times for each step are in parenthesis following the text 
describing that step. Component speeds used to estimate each operation requiring system 
operation are as follows: 

Mast l”/second 
Gantry 0.4‘lsecond 
Shuttle 1. I”/second 

Operational Task (estimated cycle time in minutes follows each task for estimated cycle 
time-section 4.1 and dosage estimatesection 4.2). 
Verify initial positions with video cameras. Cart at Load Position; Mast retracted; Gantry in 
Store Position; (All positions have limit switches and back-up switches). (.5) 
Load basket from queue. 
Cart Loaded-verify with camera. (S) 
Actuate shuttle cart, cart moves to unload position;(2) 
Verify cart position with camem.(.25) 
Mast home position verified with camera. (.25) 

Table 4.0-1 MCO Loading Sequence 

7 
8 
9 

10 
11 

Select program for basket type.(.5) 
Select number of baskets to be loaded in the MCO. (.5) 
“0” the LVDT (occurs automatically); check the manual grapple indicator with mast 
camera. (.5) 
Extend mast to basket. (0) 
Mast extends to predetermined position plus slight back-up of the GECM, (grapple 
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Verify basket location. Touch screen monitor will show exact basket position. (S) 
Release grapple, verify with manual grapple position indicator.(S) 

4.1 MCO Load Cycle Time 

Loading of a single basket into the MCO is depicted in the timeline presented in Table 4.1-1. The 
timeline i s  based on conservative estimates and does not account for overlapping action 
sequences. 

Component travel speeds used to estimate each loading sequence are as follows: 

Mast 1”Isecond 
Gantry 0.4”/second 
Shuttle 1 .I”/second 

Table 4.1-1 
Single Basket MCO Loading Timeline 

Based on the timeline presented above, a six (6) basket MCO installation would be completed in 
less than 3 hours, allowing an hour for shield plug placement interval to maintain the cycle time 
at the 4 hour maximum limit defined in Specification WHC-S-0546, Rev. D, section 4.2.3,s. 1 .I. 

Consideration of parallel operations for the shuttle and MCO loading, and reduced mast 
, extension as each basket is loaded results in a further reduction in cycle time. 
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4.2 Oaerator Dose Exaosure 
0 

Operator dose for the MCO Loading System incorporates all sequential automatic operations 
following manual basket loading at the shuttle queue up to manual loading of the shield plug. 

The location of the control station has been defmed as comdor 7 of K-Basin East and West with 
a background dose of less than 0.5 me&. Therefore, normal operation will not expose the 
operator to any average dose field greater than 0.5 mremhr. 

The total cycle time for a single basket loading process is (Reference Table 4.1-1): 

shuttle index : 3 minutes 
mast extension : 5 minutes 
grapple activation : 1.5 minutes 
mast extension basket lift to -8’6” : 3 minutes 
gantry index : 3.5 minutes 
basket descent : 3.3 minutes 
grapple release : 2.5 minutes 
mast retraction : 3.3 minutes 
shuttle and bridge return : 3.5 minutes 

Therefore, total cycle time to load one basket is approximately 28.6 minutes, excluding manual 
shuttle loading and shield plug placement. 

Assuming six (6) baskets per MCO, 

28.6 minutesbasket x 6 baskets = 171.6 minutesA4CO = 2.86 hoursiMC0 
0.5 m r e k  x 2.86 hrs = 1.43 mrem total dose per operatorhhift 

Therefore, the average operator dose rate based on loading one MCO per 4 hour load cycle is 

1.43 mrem 
4 hrs 

____- - 0.36 mrem / hr , which satisfies the average dose rate limit 

of 0.5 me& as stated in Section 4.2.4, Specification WHC-S-096, Rev. 0-C. 
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5.0 STRESSANALYSIS 

5.1 Criteria 

Structural load path design criteria for both the Shuttle and W G a n t y  has been based on the 
following documents: 

1. ANSI N14.6-1993, section 4.2.1, Stress Design Factors. Stress developed fiom three times 
the load must be less than the minimum tensile yield strength and stress developed from five 
times the load must be less than the ultimate tensile strength of load path materials. 

2. ASME B30.16-1993, Overhead Hoists (Underhung), the Mast and Gantry satisfy 
construction requirements of section 16.1.2.1 (c ) which states “the static stress calculated for 
the rated load shall not exceed 20% of the average ultimate material strength.” 

3. “Standard Arch-Civil Design Criteria - Design Loads for Facilities ” SDC 4.1, section 3.2 is 
applicable loading criteria for the shuttle structure. 

5.2 Stress Anaksis Results 

A summary table of resultant stress in load path members is shown below. e 
Calculations are presented in Appendix E. 

Table 5-1 i 
Summary of Stress Analysis 

Shuttle 
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I Table 5-2 
Summary of Stress Analysis 

Shuttle Weld Sing 

Table 5-3 
Summary of Stress Analysis 

Mast 
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Table 5-3 (Continued) 
Summary of Stress Analysis 

Mast 

e 

I Table 5-4 I 
Summary of Stress Analysis 

Mast Weld Sizing 
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5.2.1 Anchorage Loads Summarv e 
The following information is a summary of anchorage loads for the gantrylmast and shuttle. 

52.1.1 Gantrvmast 

The reaction dead load (Rdl) is four hundred thirty pounds (4301bs.). 

The reaction live load (Rll) is three thousand nine hundred two pounds (39021bs.). 

In addition to the above vertical loads, appropriate criteria must be applied for impact, lateral and 
longitudinal forces to produce maximum load requirements on the support steel. Finally, to 
prevent unacceptable support beam deflection, the minimum moment of inertia for each support 
beam is two hundred forty eight inches4 (248 in!) to provide alignment at critical pick up 
locations. 

5.2.1.2 Shuttle 

Points ‘A’ and ‘B’ on Figure 5-1 represent anchorage load locations for the MCO Loading 
System Shuttle. A summary of loads and moments at these points for normal and seismic 0 conditions is shown below: 

FY Mx Mz Load Case 

Point ‘A’ 4280down 3105 9838 Normal 
377 up 

4029down -- +-I5171 Seismic 

Point ‘B’ 3935 up -- +-9838 Normal 
377 down 

4029 down +-392 +-15171 Seismic 
285 up 

Loads are in pounds and moments are in in-lbs. Directions and locations of load and load points 
are defined on Figure 5-1. 
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Figure 5-1 
Shuttle Anchorage Load Points 
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6.0 CERTIFIED MATERIALS AND TEST REPORT 0 
The MCO Loading System is defined as general service equipment and will not require certified 
materials and test reports as traceable documentation. However, NAC experience with 
fabrication of systems similar to the MCO Loading System has provided material certification 
records for load path components. 

A sample test certificate typically provided as part of the raw material procurement 
documentation is presented in Appendix D. 

41 



HNF-SD-SNF-DR-004, Rev. 0 
Design Report 444-R-01 
Hanford K East & K West Basin Revision 0 
MCO Loading System Volume 1 

7.0 DESIGN BASIS CODES AND STANDAFtDS 

Design documents defined in Specification WHC-S-0546, Revision 0-C, Sections 2.1 have been 
reviewed with respect to MCO Loading System application. 

A summary of compliance to the MCO Loading System design is provided below. 

10CFR835. Occuuational Radiation Protection 

10CFR835 provides rules that establish radiation protection standards, limits, and program 
requirements for protecting individuals from ionizing radiation resulting from conduct of DOE 
activities. Part 835 delineates requirements for establishing: 

e . 

Radiation Protection Programs - Subpart B 
Standards for Internal and External Exposure - Subpart C 
Monitoring (exposure) in the Workplace - Subpart E 
Entry Control Programs - Subpart F 
Posting and Labeling - Subpart G 
Records - Subpart H 
Reports to Individuals - Subpart I 
Radiation Safety Training - Subpart J 
Design and Control - Subpart K 
Releases of Materials and Equipment From Radiological Areas - 
Accidents and Emergencies - Subpart N 

Subpart L 

Implementation of these requirements is the responsibility of the operator, except for Subpart K - 
Design and Control. This subpart does not provide detailed requirements for design but 
emphasizes that ALARA principles be considered in the design. In adhering to A L W  
principles, the MCO Loading System has been designed to minimize operating times and 
maximize the distance between personnel and radioactive sources. 

29CFR1910.179, Overhead and Gantrv Cranes 
(Listed as 10CFR1910.179 in Design Specification) 

29CFR1910.179 applies to overhead and gantry cranes including semigantry, cantilever gantry, 
wall cranes, storage bridge cranes, and others having the same fundamental characteristics. 
29CFR1910.179(a) defines the terns applicable to this section. A crane is defined as a machine 
for lifting and lowering a load and moving it horizontally, with the hoisting mechanism an 
integral part of the machine. The bridge and mast of the MCO Loading System function as a a 
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crane and therefore are required to meet the requirements of 29CFR1910.179. The following list 
identifies the requirements of 29CFR1910.179 that are applicable to the MCO Loading System: 

0 

29CFR1910.179@), General Reauirements 

29CFRl910.179(e), Stops. Bumpers. Rail Sweeps. and Guards 

The bridge and mast meet the design specifications of ANSI B30.2.0-1967, Overhead 
and Gantry Cranes. 
The crane shall have the rated load marked on each side of the crane. 
Clearances of 3” overhead and 2” laterally from obstructions shall be maintained. 

Bridge bumpers, or other automatic equivalent means, shall be provided to decelerate 
the unloaded crane in less than 3ft/sec2 when travelling at 20% rated load speed. 
The bumpers shall have sufficient energy absorbing capacity to stop the crane when 
traveling at 40% of rated load speed. 
Guards are provided for moving parts in accordance with (e)(6) when these parts 
present a hazard during normal operations. 

The hoisting mechanism is provided with a holding brake. 
A control brake is provided for the hoisting mechanism to prevent overspeeding. 

29CFR1910.179(g), Electrical Eauioment, Voltage, enclosures, controllers, resistors, 
switches are designed in accordance with the requirements of this paragraph. 
29CFR1910.179(i), Warning Device, A warning signal shall be provided for the bridge 
and mast. 

29CFR1910.179(f) ,m 

0 
The following paragraphs of 29CFR1910.179 are the responsibility of the operator: 

29CFR1910.179G), Inspection 
29CFR1910.179@), 
29CFR1910.179(1), Maintenance 
29CFR1910.179(n), Handling the Load 
29CFR1910.179(0), Other Reauirements (pertaining to ladders, cabs, and fire 
extinguishers 

The following paragraphs are not applicable to the MCO Loading System because the system 
does not contain the following type of components: 

29CFR1910.179(~), 
29CFR1910.179(d), Footwalks and Ladders 

0 

29CFR1910.179(m), Rope Inspection 

29CFR1910.179@), Hoisting EsuiDment (requirements pertain to sheaves, ropes, 
equalizers, and hooks which are not part of the MCO Loading System) 
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DOE-RL. 1993. “Standard Arch-Civil Design Criteria - Design Loads for Facilities”, SDC 4.1, 
Rev 12, U. S .  Department of Energy 

The MCO Loading System is classified as a General Service (non-safety) system. Section 3.2 of 
SDC 4.1 covering safety class 3 structures, component and systems has been applied to the 
gantry and mast. The shuttle is in the zone of influence to a safety class 1 component, and has 
been analyzed and designed to requirements of section 3.2.2.6, which includes analysis and 
design requirements for structural failure that may compromise the structural integrity of the 
safety class 1 (or 2) item. Constraints for this analysis include ‘g’ factors from figure 3, page 29. 

ANSI/AWS D1.l -1995. Structural Welding Code - Steel 

ANSUAWS D1.1 contains requirements for fabricating welded steel structures. Chapter 1 - 
General Requirements provides information regarding the code and its use. Chapter 2 - Design 
of Welded Connections provides criteria for designing various types of weld joints. The MCO 
Loading System welded joints comply with the criteria provided in this chapter as well as the 
applicable design specification. The Fabrication Specification shall impose or reference the 
requirements of Chapter 3 - Prequalification of WPS’s, Chapter 4 - Qualification (of welding 
procedures and welders), Chapter 5 - Fabrication, and Chapter 6 - Inspection. Chapter 7 - Stud 
Welding, and Chapter 8, Strengthening and Repairing Existing Structures are not applicable to 0 the scope of work. 

ANSI/AWS D14.1-1985, 
Suecification for Welding of Industrial and Mill Cranes and Other Material Handling Eauipment 

ANSUAWS D14.1 applies to the welding ofprincipal structural weldments and primary welds of 
cranes and overhead material handling machinery and equipment. Chapter 3, Allowable Stresses, 
requires the stresses in the crane to meet the requirements of design specifications such as AISC, 
ASME, CMAA, or MMA. In accordance with this criteria, the MCO Loading System is being 
designed to conform to the AISC requirements. The configuration of the welded joints is 
consistent with the requirements and criteria listed in Chapter 4, Weld Joint Design. 

The Fabrication Specification shall reference the requirements of Chapter 5 - Workmanship, 
Chapter 6 - Processes and Filler Metals, Chapter 7 - Qualification (of welding procedures and 
welders), Chapter 8 - Weld Quality and Inspection, Chapter 9 - Field Weld Repair and 
Modification, and Chapter 10 - Repair and Correction of Discontinuities. 
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AWS OC1-96. Standard for AWS Certification of Welding InsDectors 

AWS QCl establishes the requirements for AWS certification of welding inspectors. Welds for 
the MCO Loading System are qualified and inspected in accordance with AWS D1.l, Structural 
Welding Code - Steel, or AWS D14.1, Specification for Welding Industrial and Mill Cranes, 
which impose the requirements of AWS QCl. Personnel responsible for inspecting these welds 
shall be certified in accordance with this AWS QCl. This requirement for inspector qualification 
shall be delineated in the fabrication specification for the MCO Loading System. 

ASME B30.11-1993. Monorails and Underhung Cranes 

ASME B30.11 applies to underhung cranes whose end trucks operate on the bottom flange of a 
runway track section, and to carriers (trolleys) operating on single track monorail systems. The 
MCO loading System consists of a single axis bridge gantry and a single motion extending mast 
with a grapple. The bridge gantry slides on top of a two rails using linear bearing devices. The 
grapple is a stationary structure mounted to a telescoping mast to connect to the fuel baskets. 
Because neither the gantry nor mast are underhung configurations, ASME B30.11 is not 
applicable to these devices. 

However, various sections of ASME B30.11 will be used as guidance for the design, testing, and 
fabrication of the bridge gantry. These items include: 

Welding procedures and welding operator qualifications shall conform to ANSUAWS 
D14.1 or ANWAWS D1.l (Section 11-1.3.4) 

Exposed and moving parts that may present a hazard shall be guarded (Section 11-1.7) 

Electrical equipment shall comply with Article 610 of ANSI/NFPA 70. (Section 11-1.9) 

Inspection criteria and procedures shall be developed using Section 1 1-2.1 as guidance. 

Testing procedures shall be developed using Section 11-2.2 as guidance. 

Maintenance procedures shall be developed using Section 11-2.3 as guidance. 

ASME B30.16-1993. Overhead Hoists (Underhund 

ASME B30.16 applies to hoists that are actuated by a hand chain, utilizing a chain as the liftiig 
medium, and electric or air-powered hoists using either a chain or rope as the lifting medium. 
The MCO Loading System mast uses a ball screw driven linear guided device to lift the 
canisters. The lifting system does not use chains or wire ropes. Therefore, ASME B30.16 is not 

(, applicable to the devices. 

However, various sections of ASME B30.16 will be used as guidance for the design, testing, and 
fabrication of the mast and grapple devices. These items include: 
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Electrical equipment shall comply with Article 610 of ANSIiNFPA 70, (Section 16- 
1.2.2). 

The electrical power for controls shall not exceed 150 VAC (Section 16-1.2.3) and the 
controls enclosure shall be selected in accordance with ANSINEMA ICs6 (Section 16- 
1.3.3). 

Partial or complete interruption of the power supply during operation shall not result in 
uncontrollable motion ofthe load (Section 16-1.2.15) 

Inspection criteria and procedures shall be developed using Section 16-2.1 as guidance. 

Testing procedures shall be developed using Section 16-2.2 as guidance. 

Maintenance procedures shall be developed using Section 11-2.3 as guidance. 

NFPA 70 - 1996. National Electric Code 

NFPA 70 contains provisions considered necessary for safety from hazards arising from the use 
of electricity. The power and controls for the MCO Loading System are designed in accordance 
with the general rules of NFPA 70 with particular attention given to Article 610, Cranes and 
Hoists. Wiring shall comply with Part B of Article 610 with respect to wiring method, terminal 
fittings, types of conductors, and rating and size of conductor. The applicable parts of Part C, 
Contact Conductors, and Part D, Disconnecting Means, shall be implemented. The controls shall 
be designed in accordance with the applicable parts of Part F. Overcurrent protection shall be 
provided in accordance with Part E. Grounding shall be in accordance with Part G. 

0 

ASME Y 14.5-1994. Dimensioning and Tolerancing 
ASME Y 14.5.1-1 994. Mathematical Definition of Dimensioning and Tolerancing Principles 

ASME Y 14.5 establishes uniform practices for stating and interpreting dimensioning and 
tolerancing and related requirements for use on engineering drawings. ASME Y14.5.1 provides 
the mathematical explanation of the principles in ASME Y14.5. The design drawings are 
developed using decimal inch dimensioning in accordance with Paragraph 1.6.2, and the 
dimensions are shown in accordance with Paragraphs 1.7, Application of Dimensions, 1.8, 
Dimensioning Features, and 1.9, Location of Features. Tolerances for the dimensions identified 
are expressed by a general tolerance block refemng to all dimensions on the drawing, unless 
otherwise noted. This approach is consistent with tolerancing criteria identified in Paragraph 
2.2.l(e). 

WHC, 1995, Field Verified Measurements of 30 Ton Bridge Crane Travel in 105 KF, and 105 
KW Transfer Bav Area. WHC-SD-SNF-002 
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WHC. 1995. Performance Soecification of SNF Path Forward Cask and Transoortation System. 
WHC-S-0396 

WHC-S-0396 specifies requirements for the MCO cask transportation system. The MCO 
Loading System will operate previous, adjacent to and comply with the MCO cask transportation 
system. Specifications describing space limitations of the facility and MCO loading/unloading 
requirements have been included in the MCO Loading System design. 
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SPECIFICATION 
SECTION 

SPECIFICATION REQUIREME~W DESIGN REPORT 
CROSSREFERENCE 

4.2.2 

4.2.3,S.l.l 

4.2.4,8.2.1,8.2.4 

4.2.5 

4.2.6 

4.2.7 

4.2.8 

4.2.9.1 

4.2.9.2 

4.2.9.3 

5.1 

5.2.1 

5.2.2 

5.2.3 

5.3 

5.4 

5.5 

into M c b  or back to queue to facil i ie repairs to failed 
equipment. Also, allows for remote disengagement and 
removal of all tools and equipment from fueled basket. 
Basket lift height not to exceed -8'4" 2.5 

4.1 

4.2 

2.6 

2.7,2.1.5 

MCO load cycle time not to exceed 4 hours. 

Operators shall not be exposed to dose field in excess of an 
average 0.5 mremihr for the 4 hour loading cycle. 
Load cycle shall be accomplished with staff not exceeding 
two (2) operators. 
Loading system design shall include features that preclude 
damage to MCO, cask, immersion pail during basket loading 
and shield plug insertion. 
CCTV system which provides for operator to remotely 
monitor critical operations. 
Loading system shall provide. a grapple that enables operators 
to remotely engage and release baskets. 
Fueled basket verification of dimensions. 

Loaded basket verification of position. 

2.2,2.7.3 

2.7.9 

2.1.1 

2.1.2 

2.1.4 

Not Applicable 

2.2.1 

Drawings 
444400 
444-401 

2.2.1 

Drawing 
444-200 

As Applicable 

As Applicable 

MCO shield plug verification of placement. 

If monorail hoists used, determine track capacity. 

Code. 
Wiring and equipment shall comply with National Electric 

Electrical supply shall be controlled by lockable switch. 

Remote viewing control station located outside contaminated 
environment. 
Drives shall have manual ovemdes 

Existing handling equipment and shop services shall be used 
where possible. 
Manual tools shall have standard connection features, be light 
weight. Tools used in pool shall be solid, or have dram or 

A-2 

6.0 
veniholes. 
Equipment requiring support from existing steel shall be Drawing 

444-101 identified, along with the dead and live weight information. 
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SECTION 

8.2.6 

8.2.1 

8.2.8 

8.2.10 

Statement of Work, 
4.1 

Statement of Work, 
4.3 

All equipment must be designed for permanent lubrication. 

All equipment must be able to withstand Contamination. 

Number of threaded fastener sizes should be minimized. 

Equipment shall not see significant corrosion effects. 

Transfer equipment general arrangement drawing 

Control equipment general arrangement drawing. 

DesignReport , 

Hanford K East & K West Basin 
MCO Loading System 

DESIGN REPORT 
CROSS-REFERENCE 

2.11 

Applied 

Applied 

Applied 

Dwg. 444-000 

Figure 2.5 
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Volume 1 
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1.0 CONTROL SYSTEM HARDWARE 
0 

1.1 Control Stations 

The MCO loading control system includes two control stations, one located at the basin viewing 
area and one located at a remote viewing area. All system operations and CCTV camera control 
and viewing will be performed at the basin viewing control station. CCTV camera viewing and 
recording will be performed at the remote viewing control station, located in corridor 7. 

1.1.1 CCTV Camera Basin Viewine Control Station 

The basin viewing control sation consists of two skid mounted control cabinets on casters for 
limited mobility. One control cabinet will contain all the controls for performing basket loading 
and associated functions. It will contain the following components: PLC, CRT-based man- 
machine interface, motion controller, servo drive with power supply and transformer, and safety 
shutdown and supervisor override hardware. The second control cabinet will contain the CCTV 
cameral control and viewing hardware. It will consist of the following components: three (3) 
camera controllers with pan & tilt and mom capability, one camera controller with fixed optics, 
two monitors, and two four signal video switchers. 

1.1.2 CCTV Camera Remote Viewine Control Station 

The CCTV camera remote viewing control station is located in anon contaminated area and 
contains CCTV camera viewing and recording hardware. This cabinet consists of one fixed 
control cabinet and one monitor, one VCR, one character generator, and one four signal video 
switcher. This system can view and record any one of the four camera signals independent of the 
basin viewing system. 

1.2 Field Mounted Controls 

The field mounted control hardware consists of the following system actuators and sensors: 
SENSOW 

DEVICE Q&. ACTUATOR 
Servo motor with 8: 1 gearbox (for mast) 1 Actuator 
AC gear motor (for bridge) 1 Actuator 
Load cell with integral signal conditioning 3 Sensor 
LVDT with field mounted signal conditioning 1 Sensor 
Limit switch 9 Sensor 
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2.0 MCO LOADING OPERATIONAL MODES 

The control system has two distinct modes of operation, a MAINTENANCE mode and a LOAD 
mode. The limited access MAINTENANCE mode permits engineering and maintenance 
personnel access to basic system operations with minimal interlocking. The maintenance mode 
is used for debugging, setup, and calibration. This mode will be password protected. All MCO 
loading operations are performed in the LOAD mode. 

2.1 , LoadMode 

Within the LOAD mode there are three operating modes: MANUAL, SEMI-AUTOMATIC, and 
AUTOMATIC. The control commands are hierarchical in nature with the SEMI-AUTOMATIC 
mode commands constructed from the MANUAL mode command set and the AUTOMATIC 
mode commands constructed from the SEMI-AUTOMATIC mode command set. 

The nomenclature for the positions of each mechanical subsystem are defined below. For the 
shuttle operation, the fuel basket is placed into the shuttle at the LOAD station and is picked up 
by the extended mast at the UNLOAD station. The bridge crane has three positions. The crane 
is stored at the STORE position. The fuel basket is received from the shuttle at the SHUTTLE 
position and is placed into the MCO at the MCO position. The mast is extended and retracted to 
vertically move the fuel basket from the shuttle to the MCO. 

The control system is designed to support each movement of the basket from the load station 
through final placement in the MCO. Interlocks are provided which require operator activation 
before continuing operations. System design prevents damage to loadout pit operations 
equipment and a radiation or safety hazard for operational personnel. The status of every actuator 
and sensor is displayed on the control panel. Feedback sensors are provided for all actuators. 
System alarming is triggered if a commanded movement does not occur within a predetermined 
period of time. 

0 

2.1.1 Manual Mode 

All MANUAL mode movements with appropriate interlocking will be supported. The operator 
will be allowed to make most movement commands. An exception is the grapple release with an 
attached basket and a load on the load cells. Releasing the grapple without the basket properly 
seated in the MCO or shuttle carriage basket could cause basket damage. Grapple Release with 
load will require two independent requests -- one by the operator and one by the operator's 
supervisor. The operator's request will consist of input of the operator's ID number. The 
supervisor's request will consist of a key operated switch along with input of the supervisor's ID 
number. After both of these conditions have been met, a GRAPPLE RELEASE request will be 
processed by the control system. 

e 
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The following MANUAL operations are supported by the control system. 
0 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

SHUTTLE TRAVEL JOG [from LOAD to UNLOAD position] 
SHUTTLE RETURN JOG [from UNLOAD to LOAD position] 
BRIDGE TRAVEL JOG [from STORE to SHUTTLE to MCO position] 
BRIDGE RETURN JOG [from MCO to SHUTTLE to STORE position] 
MAST EXTENSION JOG 
MAST RETRACTION JOG 
MAST GOT0 COMMANDED POSITION 
GRAPPLE ACTIVATION 
GRAPPLE RELEASE 

2.1.2 Semi-Automatic Mode 

SEMI-AUTOMATIC operations consist of logical sets of motions for each actuator in the 
system. These operations are fully interlocked. System HOME position is defined as: shuttle at 
LOAD position, bridge at SHUTTLE position, mast at BASKET PICKUP RETRACTION 
position. The BASKET PICKUP RETRACTION position is the maximum (highest) mast 
assembly elevation the system can attain. 

The following SEMI-AUTOMATIC operations will be supported by the control system. 
Operations 1-12 are sequential loading requirements. Operations 13-19 are additional controlled 
moves for maintenance, recovery or calibration. 

0 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

SHUTTLE TRAVEL [from LOAD to UNLOAD position] 
MAST SHUTTLE BASKET PICKUP EXTENSION 
GRAPPLE ACTIVATION 
GRAPPLE ACTIVATION VERIFICATION 
MAST SHUTTLE BASKET PICKUP RETRACTION 
SHUTTLE RETURN [from UNLOAD to LOAD position] 
BRIDGE TRAVEL [from SHUTnE to MCO position] 
MAST MCO BASKET PROGRAMMED RELEASE EXTENSION 
GRAPPLE RELEASE 
GRAPPLE RELEASE VERIFICATION 
MAST MCO BASKET RELEASE RETRACTION 
BRIDGE RETURN [from MCO to SHU?TZE position] 
BRIDGE STORE [from SHUTTLE to STORE position] 
BRIDGE STORE RETURN [from STORE to SHUTTLE position] 
MAST MCO BASKET PICKUP EXTENSION 
MAST POSITION CALIBRATION (retraction to maximum elevation) 
MAST MCO BASKET LOW SPEED EXTENSION 
HOME SYSTEM 
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19. MAST SHUITLE BASKET PROGRAMMED RELEASE EXTENSION 0 
The GRAPPLE RELEASE will free a basket in the MCO after the load cells have been unloaded 
and the compliance LVDT indicates " X  inches of backup travel (x is the predetermined MCO 
loading configuration set point monitored by the Grapple Extension Compliance Mechanism 
[GECM] release set point). 

The BRIDGE STORE operation moves the bridge to the location mast removed from the loadout 
pit operating equipment. The bridge is moved to the store location when a cask is being loaded 
and unloaded from the immersion pail.. Before AUTOMATIC mode operation either a HOME 
SYSTEM or a BRIDGE STORE RETURN command would be issued to retum the bridge to its 
HOME position. 

The MAST MCO BASKET PICKUP EXTENSION apd the MAST SHUTTLE BASKET 
PROGRAMMED RELEASE EXTENSION commands, in addition to other SEMI- 
AUTOMATIC mode commands, will allow for the unloading of a fuel basket fiom the MCO to 
the shuttle. 

2.1.3 Automatic Mode 

0 The AUTOMATIC mode will consist of the full loading of one MCO. It utilizes many of the 
SEMI-AUTOMATIC operations in a programmed sequence. The conditions for Gtiating this 
mode are mast positioning system in calibration and system at HOME. As the MCO is loaded 
the control system keeps track of the number of baskets loaded and the position of the top basket 
in the MCO. At specified steps in the AUTOMATIC loading process the operator will be 
required to confirm the successful completion of an operation. Normally, the operator would 
visually verify with the appropriate TV camera that an operation had been completed 
successfully and that there were no alarms. 
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If the load cells indicate an off normal load when loading a basket into the MCO at the 
programmed basket release height, the control system will issue an alarm. The operator will 
NOT be allowed to jog the mast down to release the basket. Jogging the mast down and 
completing the MAST BASKET PROGRAMMED RELEASE EXTENSION operation to 
unload the load cells, prior to releasing the grapple, will require two independent requests - one 
by the operator and one by the operator's supervisor. The operator's request will consist of input 
of the operator's ID number. The supervisor's request will consist of a key operated switch along 
with input of the supervisor's ID number. Isolating system operation when off normal loads are 
detected permits administrative procedures to be implemented which define root cause and 
prevent system damage. 

The following AUTOMATIC operations are supported by the control system. 

1. 
2. 
3. 
4. 
5. 

LOAD MCO 
LOAD BASKET 
SUSPEND LOAD.BASKET 
CONTINUE LOAD BASKET 
ABORT LOAD BASKET 

With an empty MCO in place, the operator would issue a LOAD MCO command. Then each 
time a basket is to be loaded into the MCO the LOAD BASKET command would be issued. The 
SUSPEND LOAD BASKET and CONTINUE LOAD BASKET commands allow the operator to 
suspend and continue the AUTOMATIC sequence as needed. The ABORT LOAD BASKET 
command allows the operator to abort an AUTOMATIC sequence if serious problems arise. 

2.1.3.1 MCO Loading 

The operator codinns the system is at HOME position and enters the basket type and number of 
baskets to be loaded. The control system prevents the operator ftom loading more baskets than 
can be placed in the MCO. The operator then issues the LOAD BASKET command to initiate 
loading a basket into the MCO. The following SEMI-AUTOMATIC operations would then be 
performed in order with full interlocking: 

1. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

SHUTTLE TRAVEL [ftom basket LOAD to UNLOAD position] 
MAST BASKET PICKUP EXTENSION 
GRAPPLE ACTIVATION 
GRAPPLE ACTIVATION VERIFICATION 
MAST BASKET PICKUP RETRACTION 
BRIDGE TRAVEL [ftom SHUTTLE to MCO position] 
SHUTTLE RETURN [fiom UNLOAD to LOAD position] 
MAST BASKET PROGRAMMED RELEASE EXTENSION 
GRAPPLE RELEASE 
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1 1. GRAPPLE RELEASE VERIFICATION 
0 

12. MAST BASKET RELEASE RETRACTION 
13. BRIDGE RETURN [from MCO to SHUTTLE position] 

Following operations, the system is back at the HOME position and ready to load the next 
basket. The control system maintains the number of baskets loaded and the position of the top 
basket. This information is displayed on the operator's console in both text form and graphically. 
When the next basket is ready at the shuttle loading station, the operator issues the LOAD 
BASKET command and the AUTOMATIC sequence to load a basket into the MCO is repeated. 

2.2 Maintenance Mode 

The maintenance mode can only be entered by receipt of a valid password from authorized 
personnel. Minimal system interlocking is activated for this mode of operation. The following 
basic operations can be performed in this mode. 

1. 
2. 
3. 
4. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

SHUTTLE TRAVEL [from LOAD to UNLOAD position] 
SHUTTLE RETURN [from UNLOAD to LOAD position] 
BRIDGE TRAVEL [from SHUTTLE to MCO position] 
BRIDGE RETURN [from MCO to SHUTTLE position] 
BRIDGE TRAVEL JOG [from SHUTTLE to MCO position] 
BRIDGE RETURN JOG [from MCO to SHUTTLE position] 
MAST EXTENSION JOG 
MAST RETRACTION JOG 
GRAPPLE ACTIVATION 
GRAPPLE ACTIVATION VERIFICATION 
GRAPPLE RELEASE 
GRAPPLE RELEASE VERIFICATION 
SYSTEM PARAMETER ENTRYh4ODIFICATION 
a. Load cell underload setpoint (initially dead load + 80% of basket load). 
b. Load cell overload setpoint (initially 6000 lb.). 
c. GECM backup grapple engagement travel set point (initially 1 .O") 
d. Dwell time at each AUTOMATIC operational step. 
e. The AUTOMATIC steps requiring visual verification and 

confirmation by the operator. 

A number of system parameters are fixed by design and are not anticipated to change throughout 
the service life of the system. The following parameters will be hard coded into the software: 

a. ' 

b. 

Mast drive linear calibration [countdinch of linear travel] (524,280 
countshn) 
GECM backup grapple disengagement travel set point (initially 1.5") 
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c. Height dimension for each basket type. 0 
d. Alliwable basket configurations for-loading. 
e. Mast calibration elevations basket loading elevation, bridge traverse 

elevation, maximum raised elevation (which can not be exceeded 
mechanically), and MCO internal bottom elevation]. 
Nominal basket load for each basket type. f. 

2.3 Control Functions 

All LOAD and MAINTENANCE operations are performed from the control console located at 
the basin viewing area. A CRT-based man-machine interface (MMI) is used to send commands 
to and receive the status from the MCO Loading System. The MMI provides continuous display 
ofthe system status. A graphic display of the loaded baskets are shown. Safety shutdown and 
supervisor override functions are hardwired. 

A CCTV camera viewing system provides process step verification by the operator for system 
maintenance and system testing. Four cameras are positioned to provide visual monitoring of the 
shuttle loading area, the shuttIe unloading area, the top of the MCO, and grapple end of the mast. 
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3.0 OPERATIONAL MODE ALARM CONDITIONS 

During setup, maintenance, and normal operating conditions, abnormal events resulting in alarms 
will occur. Control system hardware and software are designed to properly react to these events. 
No movements or actions are allowed which cause damage to equipment or create a radiation or 
safety hazard for operational personnel. The operator is notified when any alarm condition 
occurs or if a command results in an alarm condition. There are two types of alarms, motion and 
procedure alarms. Motion alarms are those which occur while the system is in transit from one 
position to another. This type of alarm condition will usually result from malfunctioning 
actuators or sensors or improperly calibrated or set sensors. A procedure alarm will occur if the 
system is requested to perform an illegal or unauthorized action. Examples of such actions are: 
attempting to place more baskets in an MCO than it can contain and automatically trying to jog 
the mast down to a lower position when the “resting place” for a basket is below its anticipated 
(“programmed”) position. 

An initial list of possible alarm conditions is given below. Additional alarm conditions may be 
added to the list during the system fabrication and software design phase of the project. 

8 

9 

10 

ALARM CONDITION ALARM TYPE 

SHUTTLE MOTION 
MAST MOTION 
BRIDGE MOTION MOTION 
GRAPPLE ACTIVATION MOTION 
GRAPPLE RELEASE MOTION 
BASKET PROGRAMMED RELEASE MOTION 
LOAD CELL(S) UNLOADED (WHEN MOTIONPROCEDURE 
SHOULD BE LOADED) 
IMPROPER BASKET TYPEiNlJMBER 

BRIDGE MOVEMENT NOT ALLOWED 

SYSTEM NOT AT HOME PROCEDURE 

COMBINATION PROCEDURE 

WHILE MAST IS EXTENDED MOTIONPROCEDURE 

B-9 



<. HNF-SO-SNF-OR-004, Rev. 0 

Design Report 444-R-0 1 
Revision 0 Hanford K East & K West Basin 

MCO Loading System Volume 1 

MAINTENANCE 

i 

-Nl 

OP MESSAGE SYSTEM 
IN MANUAL LOAD MODE 

OP MESSAGE SYSTEM 
IN SEMI-AUTOMATIC 

PERFdRM REQD 
SEMI-AUTO COMMANDS 

OP MESSAGE SYSTEM 
AUTOMATIC LOAD 1 M T  1 
PERFORM REQD 

AUTOMATIC COMMANDS 

PERFORM REQD I MANUALCOMMANDS I 
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LOAD MCO 

I 

ENTER BASKET TYPE TO 
LOAD 

ENTER # OF BASKETS TO 
LOAD 

I. 
LOAD 

BASKET 

INCREMENT 8 DISPLAY # OF 
BASKETS LOADED 

COMPLETED? 

OP MESSAGE: MCO LOADED p 
B - 1 1  
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LOAD BASKET 

MAST SHUTTLE 
BASKET PICKUP 

ACTIVATION 

GRAPPLE 
ACTIVATION 

VERIFICATION 
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MAST SHUTTLE 
BASKET PICKUP 

RETRACTION 

BRIDGE TRAVEL 

MAST MCO BASKET 
PROGRAMMED 

/ / GRAPPLE RELEASE 

VERIFICATION 

VISUALLY 

c 
MAST MCO BASKET 

RELEASE 
RETRACTION 

BRIDGE RETURN 

OP MESSAGE: LOAD BASKET 
OPERATION SUCCESSFULLY 

COMPLETED 

END 
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SUSPENDBASKET 

CONTINUE BASKET 
LOADING 
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BASKET? 

Y 

4 

ABORT BASKET LOADING 
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BRIDGE STORE 

MOVE BRIDGE TO 
STORE POSITION 

START BRIDGE 
STORE POS TIMER 

A I 
BRIDGE AT 

N 1  

OP MESSAGE BRIDGE 
AT STORE POSITION 

I \ 
1 -N 

STORE POS 
ALARM TIMER 

ISSUE BRIDGE STORE 
POS ALARM 
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RETURN 

MOVE BRIDGE TO 
RETURN POSITION 

I 

START BRIDGE 
STORE POS 

RETURN TIMER 

N- 
RETURN POS? 

4 
OP MESSAGE: BRIDGE 
AT RETURN POSITION 

END 

I 

I 

ISSUE BRIDGE STORE 
RETURN POS ALARM 
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SHUlTLE TRAVEL 

MOVE SHUTTLE TO 
TRAVEL POSITION 

START SHUTTLE 
TRAVEL POS TIMER 

I 

A SHUTTLE < ATTRAVEL \-N 

SHUlTLE 
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SHUTTLE RETURN 

MOVE SHUlTLE TO 
RETURN POSITION 

START SHUTTLE 
RETURN POS TIMER 

N 

Y 

4 
OP MESSAGE SHU'TTLE 

AT RETURN POS 

ISSUE SHUTTLE 
RETURN POS ALARM 

END 
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a 
BASKET PICKUP 

EXTEND MAST TO 
BASKET LOADING 

ELEVATION 

START MAST 
SHUTTLE BASKET 
PICKUP EXT POS 

TIMER 

1 

Y 
.c 

OP MESSAGE: MAST AT 
BASKET LOADING 

ELEVATION 

ISSUE MAST SHUTTLE 
BASKET PICKUP EXT 

POS ALARM 

END 
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GRAPPLE 
ACTIVATION 

EXTEND MAST 

START GRAPPLE 
ACTIVATION TIMER 

I 

GRAPPLE 
ACTIVATION TIMER 

TIMED OUT? 
STOP MAST EXTENSION i 

ACTIVATE GRAPPLE 
ACTUATOR 

OP MESSAGE: GRAPPLE 
ACTNATED 

(G) 

I 
Y 

ISSUE GRAPPLE 
ACTNATION ALARM 
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GRAPPLE 
ACTIVATION 

VERIFICATION 

RETRACT MAST GECM 
RELEASE SETPOINT 

DISTANCE 

START GRAPPLE 
ACTIVATION 

VERIFICATION TIMER 

I 

(GECM BACKUP = o ? ~ N -  I 

Y ISSUE GRAPPLE 
I 

ACTIVATION 
VERIFICATION ALARM 

OP MESSAGE: GRAPPLE 
ACTIVATION VERIFIED 

i, I (, STOP 
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BASKET PICKUP 
RETRACTION 

RETRACT MAST TO 
BRIDGE TRAVERSE 

ELEVATION 

SHUlTLE BASKET 
PICKUP RETURN 

POS TIMER 

I* I 

OP MESSAGE: MAST AT 
BRIDGE TRAVERSE 

ELEVATION 

SHUlTLE 
BASKET PICKUP 
RET POS TIMER c:, IMED Y OUT 

ISSUE MAST SHUTTLE 
BASKET PICKUP RET 

POS ALARM 
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BRIDGE TRAVEL 

a 

MOVE BRIDGE TO 
TRAVEL POSITION 

START BRIDGE 
TRAVEL POS TIMER 

4 
OP MESSAGE: BRIDGE 
AT TRAVEL POSITION 

END 

BRIDGE 
TRAVEL POS 

ISSUE BRIDGE TRAVEL 
POS ALARM 

(-.> 
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BRIDGE RETURN a 
MOVE BRIDGE TO 
RETURN POSITION 

START BRIDGE 
RETURN POS TIMER 

OP MESSAGE BRIDGE 
AT RETURN POSITION 

END 

BRIDGE AT 

N 

BRIDGE 
RETURN POS i ALARM TIMER 

ISSUE BRIDGE RETURN 
POS ALARM 
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PROGRAMMED RELEASE 
EXTENSION 

EXTEND MAST TO NEXT 
BASKET RELEASE 

ELEVATION 

START MAST MCO 
BASKET PROGRAMMED 

RELEASE EXT POS TIMER 

MAST AT NEXT BASKET 
RELEASE ELEVATION 8 

SHUTTLE 
RETURN 

POS ALARM 
TIMERTIMED 

OUT? 

BASKET PROGRAMMED 

JOG DOWN MAST 
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GRAPPLE RELEASE 

EXTEND MAST 

START GRAPPLE 
RELEASE TIMER 

GECM RELEASE 
\SETPOINT?/ 1 

-E RELEASE\ - I 
DEACTIVATE GRAPPLE 

ISSUE GRAPPLE 
RELEASE ALARM 

OP MESSAGE GRAPPLE 

I I 
(*) ( = = =  
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RETRACT MAST GECM 
RELEASE SETPOINT 

DISTANCE 

START GRAPPLE 
RELEASE VERIFICATION 

TIMER 

/ RELEASE \ 
VERIFICATION 

LOAD CELLS 
UNLOADED? 

\ -1, 
/ A 

OP MESSAGE GRAPPLE 
RELEASE VERIFIED 

ISSUE GRAPPLE 
RELEASE VERIFICATION 
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BASKET RELEASE 
RETRACTION 

RETRACT MAST TO 
BRIDGE TRAVERSE 

ELWATION 

START MAST MCO 
BASKET RELEASE 

RETURN POS TIMER 

RETURN POS TIMER OP BRIDGE MESSAGE: TRAVERSE MAST AT 

\ D : T  

I Y 

ISSUE MAST BASKET 
RELEASE RET POS 
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EXTEND MAST TO 
TOP BASKET 

LOADING 
ELEVATION IN MCO 

START MAST MCO 
BASKET PICKUP EXT 

POS TIMER 

MAST AT 

TIMED OUT? OP MESSAGE: MAST AT 
BASKET LOADING 

ELEVATION 

ISSUE MAST MCO 
BASKET PICKUP EXT 

POS ALARM 
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MAST POSITION 
CALIBRATION 

1 
OP MESSAGE LOAD CELLS 

LOADED. CAN NOT CAL 
MAST POS 

1 BACKUP = 07 

OP MESSAGE: GECM 
BACKUP > 0. CAN NOT CAL Y 

MAST POSITION + 
RETRACT MAST 

4 

STOP 

LIMIT SWITCH 

ZERO MAST 
VERTICAL POSITION 

OP MESSAGE MAST 
POSITION CALIBRATED (+) 
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MAST MCO BASKET 

ENTERBASKET 

EXTEND MAST 
AT LOW SPEED 

STOP ISSUED, ENTER 
CONT TO CONTINUE 

CONTINUE 

OP MESSAGE: 
OPERATION CONTINUING 

CELLS 

N- RELEASE SET 
POINT? 

OP MESSAGE: NEW 
TOP BASKET 

STORE NEW NEXT 
BASKET ELEVATION 

B - 32 



* HNF-SD-SNF-DR-~~~, Rev 
Design Report 444-R-01 
Hanford K East & K West Basin Revision 0 
MCO Loading System Volume 1 

HOME SYSTEM a 
I 

OP MESSAGE GECM 
BACKUP > 0. CAN NOT GAL 

MAST POSITION 

4 

I OP MESSAGE 
AT HOME I 
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EXTEND MAST TO 
HIGHEST BASKET 
LOCATION IN MCO 

I 
START MAST MCO 

BASKET PICKUP EXT 
POS TIMER 

Y 

4 
OP MESSAGE: MAST 
AT BASKET PICKUP 

LOCATION 

END 

TIMED OUT? 

I 
Y 

ISSUE MAST MCO 
BASKET PICKUP UCT 

POS ALARM 
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EXTENSION 

SHUTTLE BASKET 

BASKET PROGRAMMED 
RELEASE POS TIMER 

t 

MAST AT SHUll'LE 
BASKET RELEASE 

ELEVATION 8 LOAD 
CELLS LOADED 

ISSUE MASTSHUHLE 
BASKET PROGRAMMED 

RELEASE EXT POS 

OP MESSAGE LOAD 
CELLS UNLOADED AT 

X . W  ELEVATION 

OP MESSAGE LOAD 
CELLS UNLOADED AT r-l X.XX' ELEVATION 
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M C O  Loading System 
Design Review Checklist 

REVIEW CONSIDERATION 
Does the MLS provide recovery features that allow the fueled basket to be moved 
into the MCO, removed from the MCO, or moved back to the fueled basket queue, 
as required to facilitate repairs to the failed equipment? 

Do recovery features provide for remote disengagement and removal of all tools and 
equipment from the fueled basket? 

Does the device used to lift the baskets up, over, and into the MCO provide a 
physical means to preclude the ability to raise the fuel to a height such that the top of 
the basket is lifted to an elevation above the -8'-0" level, relative to a floor level of 
o'-"'? 

Does the MLS allow an MCO to be loaded and the shield plug to be installed within 
4 hours (consider only activities performed by this system)? 

Is the MLS designed such that loading can be accomplished with operators exposed 
to a dose field not exceeding and average of 0.5 mremhr for the loading cycle? 

Is the MLS designed such that the load cycle can be accomplished with an operator 
staff not greater than two operators? 

Does the MLS include engineered features that preclude damage to the MCO, cask, 
and immersion pail container during the basket loading and shield plug insertion 
operations? 
Is a CCTV system provided to allow operators to remotely monitor and verify MLS 
operations? 

- 
YES/NO 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Section 2.7.9 I 

Section 2.5 

Section 4.1 

Section 4.2 

Section 4.2 

Section 2.7,2.1.5 

Section 2.2.1 
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Does the grapple system allow visual confirmation of grapple engagement status? 
Does the grapple system design preclude unintentionally releasing a fueled basket? 
Does the grapple system design accommodate a fueled basket having an unbalance 
:quivalent to the removal of nine fuel assemblies? 

0 
444-R-0 1 

Yes 
Yes 
Yes 

Revision 0 
Volume 1 

loes the design include a means to ensure the shield plug orientation is acceptable 
or future processing? 

I YES/N( REVIEW CONSIDERATION 
Does the CCTV system include at least two 14-in. color video monitors (on inside the I Yes 

Yes 

basin and one in a non contaminated area), a video recorder, and an overlay 
generator? 

loes the equipment used to lift a fueled basket and place it into the MCO preclude 
pilling the contents of the basket into the MCO during normal operations and in the 
vent of equipment failure? 

Yes 

viewing station? 

Does the MLS provide a means to verify the diameter of the fueled basket 
accommodates loading in the MCO and to visually verifying that the basket 
configuration is correct and fuel is positioned within the basket to allow proper 
nesting and stacking within the MCO, to verify that loaded baskets are positioned 
properly to allow successive loading operation to be successfully completed, and to 
verify that the shield plug is properly inserted into the MCO. 

Yes 

REMARKS 
Appendix B, Page 8-2, 
Dwg 444-405 

Dwg 444-401 

Volume 3 

Dwg 444-20 1 

Dwg 444-200,444-000 
Section 2.1.2, Dwg. 444-201 
2700 Ib @ 1.5 inch off center 

Section 2.1, Section 2.7.3, 
Dwg 444-000 

Section 2.7.3, 
lwg 444-000 

jection 2.7.2,2.7.3, 2.7.1 

I r n 

rn 0 

rn 
zn 
P 
0 

0 
0 P 
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Yes 

- 
19 

20 

21 

- 
- 

- 
22 

23 

24 

- 
- 

- 
25 

26 

21 

28 

- 
- 

- 

- 
29 

30 

31 

- 

- 

Is the MLS designed to minimize maintenance and testing? 

Does the MLS design incorporate standard replacement parts to the extent practical? 

Does the MLS design include the capability to perform periodic maintenance to 
prolong the effective lifetime at a minimum cost and downtime? 

Are components designed to be permanently lubricated to the extent possible? 

Are there any interface problems? 

Can the equipment be readily assembled/disassembled as designed? 

Are the specified materials compatible with each other and the environmental 
conditions to which the materials will be exposed? 

Is the design reproducible by a conventional means? 

Are stresses within design limits? 

Are mechanical tolerances within the limits of normal shop practice? 

Are assembly clearances adequate? 

Can the system be stored for extended periods of time without degrading effects? 

- 
32 

33 
- 
- 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

I YES/NC 
I Yes 

REVIEW CONSIDERATION 

Does the MLS accommodate an electrical supply of 480 VAC or 460 VAC, three 
REMARKS 

Section 2.3 

Section 2.1.9 

Section 2.1.1 

Maintenance Chart, Section 2.9 

Maintenance Chart, Section 2.9 

Maintenance Chart, Section 2.9 

Section 2.1 1 

Section 2.12 

Installation Drawing 

Stainless Steel & Coated Carbon 
Steel 

All Drawings on ACAD 13 

Reference Section 5 

Reference Section 7 

lesign Drawings 

storage for extended periods . 

I z 

v, U 

v, z 

U 

0 
0 P 

n 

n 

f 

0 
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Have necessary features been provided to maintain personnel radiation exposure as 
low as reasonably achievable? 
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Volume 1 

Yes 

- 
ITEM 

34 

35 

- 
- 

- 
36 

37 

38 

- 
- 

Is the system operable? Yes 

I I Yes Have welding, bolting, and joining methods been adequately specified? 

I 

Are all indication lights and electrical controls considered fail-safe? I Yes 

Section 7 I 
Testing and system operation are 

I 
L n 

v, 0 

v, 
L W 

0 

0 0 
P 

P 

P 
0 

c-5 



HNF-SD-SNF-DR-004, Rev. 

444-R-01 
Revision 0 
Volume 1 

Deign Report 

MCO Loading System 
Hanford K East & K West Basin 

a 

Appendix D 

Sample Material Test Certificate 

D-1 



e 

0 

HNF-SD-SNF-DR-004, Rev. 0 

444-R-01 Design Report 
Hanford K East & K West Basin 
MCO Loading System 

Revision 0 
Volume 1 

Amendix D 

A sample Test Certificate is shown below and on the following page, identifying yield strength, 
tensile strength and elongation for UNS321 hot rolled steel. 

101 12-050 
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GQC: 12467 UATE! 24-Hau-91 

T E S T  C E R T I F l C b T E  

**** S O L n  10: *a:* **tL SHIP TO! **t* 
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Appendix E 

The following pages detail stress analysis calculations for the MCO Loading System. 

The analysis has been divided into two sets: 

1.  

2. 

Structural Evaluation of GantryMast for MCO Loading System. 

Structural Evaluation of the Shuttle Supporting Structure for the MCO Loading System. 
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequesVCalculation No: EU4-26.61 Revision 0 

Confirm That The Work Request / Calculation Package Reviewed Includes: 

1.  Statement of Purpose 
2. Defined Method of Analysis 
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