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operating methods to improve the availability of the core sampling trucks. 
Trucks 3 and 4 were being fabricated during the Jenkins review and, therefore, 
were not specifically reviewed. 

The U.S. Department of Energy (DOE), Richland Field Office (RL), 
conducted a readiness review for Truck 2 (DOE-RL 1994) and for Trucks 3 and 4 
(DOE-RL 1995). The deficiencies found in these reviews were corrected before 
the trucks were deployed in the field. 

Stress analyses of several key structural elements have been performed 
to establish design adequacies. The stress analyses, based on static loading, 
identified some undersized welds and structural members. As a result of the 
analyses recommendations, modifications were made to the welds and 
structural members. 

Currently, all four trucks are being used to obtain tank waste samples. 
Improvements in any given truck's availability is desired but not essential to 
meet the core sampling schedule because of the backup provided by the multi- 
truck system. Therefore, the adoption of improvements identified by the 
various reviews and the resolution of operational problems have typically been 
moved to a convenient time to reduce the truck downtime to a minimum. 

person-in-charge (PIC), a cognizant engineer, operators, and a quality control 
technician are the main participants with support from a health physics 
technician, an industrial health and safety technician, and a pipe fitter. A 
tank farm plant operating procedure (WHC 1995) contains the steps for 
preparing to sample, sampling, and returning the tank to a stabilized state on 
completion of sampling activities. The people responsible for this procedure 
modify it frequently as deemed necessary. 
(WHC 1994) contains the general description and operation of the trucks. 

The trucks are operated on all three shifts throughout the year. A 

The operator's training manual 

1.3 SCOPE 

The main focus of this review is on Trucks 3 and 4. The review team is 
chartered with the task of reviewing the design of the hardware, control, and 
hydraulic systems; the operator's training material; and the in-field 
operations and operating procedures. Deficiencies, if any, related to. these 
items are to be identified and appropriate corrective actions are to be 
outlined. This review will not address the electrical systems directly, 
except where their failure might lead to a mechanical failure. 

1.4 REVIEW PROCESS 

During the design review of the core sampling trucks, the documentation 
that is common to Trucks 2, 3, and 4 and that is specifically related to the 
design of Trucks 3 and 4 have been reviewed by the team. These documents 
include design specifications, fabrication drawings, structural evaluations, 
previous design and readiness reviews, safety analysis, training manuals, and 
the operating procedure. The majority of supporting stress analyses were 
carried out for Truck 2. Because Trucks 3 and 4 are essentially identical to 
Truck 2, the supporting stress analyses for Truck 2 are directly applicable to 
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Trucks 3 and 4. The purpose of this review was two-fold. 
review was necessary to familiarize the review team members with the design 
requirements and the truck design. 
first step to the identification of any potential problem areas in the design. 

The documentation 

Secondly, the review was an essential 

Upon completion of the documentation review, the team viewed a short 
video prepared by Westinghouse Hanford Company (WHC) and spoke with the 
operations staff to gather information about the actual operation of the 
trucks. The problem and actions logs maintained by WHC were also reviewed to 
identify recurring problems and trends in operations, and to examine the 
appropriateness of the corrective actions taken to fix these problems. 
operations review helped find potential procedural ambiguities and operational 
problems experienced by the operations staff. 

the training adequacy against the problem and action logs. 
also assessed for consistency and sufficient content with reference to the 
operating procedures. 

This 

The team members also reviewed the operator training manuals to assess 
The training was 

The last step of the review process was to perform a hazard/failure 
analysis. Based upon the data collected as outlined above and summarized in 
Appendix A, a failure modes, effects, and criticality analysis (FMECA) was 
performed to identify components critical to obtaining a sample and potential 
sources of problems in the design, training, or operations that would 
interfere with sampling. 
included in Section 3. 

The process used in the FMECA and the results are 
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ODerations 

the operating procedure, an objective evaluation of the usefulness of the 
operating procedure was not possible. 
modified, its usefulness was left to be determined by those using it. 
review team, therefore, focused more on discrepancies between the procedure 
and the design documents and problem log. 

1. Section 5.3 of the operating procedure suggests that the drill string 
downward force should be limited to less than 1,000 lbf in both rotary 
and push modes of operation. Table 3 of the procedure, however, 
specifies 1,170 lbf as the highest force that can be applied in the 
rotary mode of operation and the maximum force goes up to 5,300 lbf for 
the push mode operation. 
consideration of the tank bottom penetration and is too high from a 
drill string failure viewpoint. 

Corrective Action: 
incorporate the down force limit obtained from the buckling analyses of 
the drill string. 

Without experiencing the training that the operators have prior to using 

Because the procedure is frequently 
The 

The later value is derived from the 

The operating procedure should be revised to 

2. Stabilization (Section 5.11) of the truck following sampling operations 
does not include lowering the truck off the leveling and stabilizing 
jacks. 

Corrective Action: 
that the truck be lowered off the jacks when it is unattended and not 
expected to be operating for an extended period of time. 

The operating procedure should be revised to require 

3. In certain steps of the operating procedure, the operator repeats a 
sequence when success is not achieved in the first attempt. 
cases, this approach to fai 1 ures has caused damage to components. 

Corrective Action: 
reduce downtime by eliminating the easy to find, quick to fix problems 
first before more serious damage occurs. 
potential damage by identifying possible causes of malfunctions and the 
steps to take to avoid causing damage until the specific cause is 
identified. The FMECA on this task and the problem log are significant 
starting points for developing such a guide. 

In some 

A trouble shooting guide for in-field use would 

A guide could also decrease 

4.  Operating Procedure 5 . 2 . 1  requires the operator to perform daily 
inspections according to the Daily Core Sample/Inspection Data Sheet 5 
to check the condition or operation of systems on the truck at the 
beginning and end of each shift. 
the platform movement checked before drill string disconnection is 
verified. 
the tank penetration as well as the drill string and truck systems. 

Corrective Action: 
string disconnection is verified prior to checking the platform movement 
systems. 

The current order of check points has 

If followed blindly, this order could cause serious damage to 

The checklist should be reordered so that the drill 
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2 .  The hydraulic system is key to 3 of the 4 critical systems of the truck. 
Failure of the hydraulic system means no sampling at all. 
hydraulic system can lead to slipping hazards and loss of hydraulic 
fluid and pressure. 

Leaks in the 

Corrective Action: 
undergo routine maintenance. Fittings should be checked for tightness, 
and actuator seals should be checked for leaks and repaired if required. 
If a leak in the hydraulic system is suspected due to an over-tightened 
fitting, the fitting must be replaced. The fittings should be tightened 
using ordinary end wrenches without cheater bars or extensions. 
Filters should be replaced regularly and fluid should be changed or run 
through a filter assembly for cleaning. 

Components in a hydraulic system can become dry during long idle periods 
as the oil settles in the system. 

Corrective Action: 
the hydraulic components if they are not in use for extended periods. 
Actuators should be run through their stroke two or three times, the 
directional control valves should be cycled, and pumps and motors should 
be operated after two months of idle time. 

As suggested in the stress reports, some of the welds have stresses 
close to allowables and in some cases exceed the allowables. 

The components of the hydraulic system should 

3. 

One very important maintenance item is to exercise 

4 .  

Corrective Action: 
inspected on a regular basis. 

Suspect and borderline allowable welds should be 

5 .  All high risk systems associated with the trucks and the weld inspection 
suggested in item 4 above should be included in the preventative 
maintenance program. 
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3.1.4 Shielded Receiver Lifting Frame 

The shielded receiver lifting frame for Truck 2 was analyzed in 
Ziada 1994c for the deadweight and transportation acceleration loads. 
accelerations used in this report are significantly lower (0.43-g 
longitudinal, 0.37-9 lateral, and 0.18-9 vertical) than those used in the 
analyses discussed above and were taken from the rollover analyses performed 
in Ziada 1994b. The results indicated that even for the low accelerations 
used, many of the members and welds needed strengthening. 

been analyzed in Vollert & Hundal 1995. 
is analyzed for the deadweight and transportation loading. The transportation 
accelerations used are from Ziada 1994b and are significantly lower than those 
used in Koehler 1992 and Ziada 1995. 
some of the weld joints have stresses nearly equal to the AISC allowable. 
Similar conclusions were noted in Ziada 1994c which analyzed the shielded 
receiver lifting frame for Truck 2. 

The 

The shielded receiver lifting frame assemblies for Trucks 3 and 4 have 
The shielded receiver lifting frame 

For these lower transportation loads, 

Review Comment 

1. The stress analyses of the shielded receiver lifting frames for 
Trucks 2, 3, and 4 for the transportation loading consider 0.43-g 
longitudinal, 0.37-g lateral, and 0.18-g vertical accelerations. The 
drill head service platform and the grapple hoist mounting support 
assembly have been analyzed for 3-9 longitudinal, 2-9 lateral, and 1-g 
vertical accelerations. It is not clear which accelerations are more 
appropriate, but the lifting frames are not adequate to sustain the 
higher acceleration loadings because some of the members and welds had 
to be modified to meet the AISC stress allowables when the analyses 
considered the lower values of the transportation accelerations. 

Because the transportation loadings are critical, the accelerations to 
be considered in design should be established and consistently applied 
to all critical structural components. Failure of the welds during 
transport can cause considerable equipment damage. 

2. As stated in Section 3.1.3, the use of AISC stress allowables for static 
loads may not be appropriate for the transportation loads applied to the 
shielded receiver lifting frame. 

3.1.5 Grapple Hoist Mounting Support Assembly 

Koehler 1992 documents the stress analyses for the grapple hoist 
mounting support assembly which is a structural steel frame bolted to the 
drill head service platform. The frame supports the grapple hoist and 
associated electric drive motor, gear box, and counter. 

The frame was analyzed for its own weight and the weights of the 
components it supports. 
applied in the longitudinal, lateral, and vertical directions, respectively. 
Negative values of lateral and longitudinal accelerations were also 
considered. The resulting stresses were compared with the American Institute 
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of Steel Construction (AISC 1989) stress allowables. 
to be over stressed and this report recommended a modification to a baseplate 
gusset. The design safety margin based on the evaluation criteria used is 13- 
20%. 

One location was found 

Review Comments 

allowables for the static loading is not appropriate for the transportation 
loads which are cyclic in nature. 
significant damage. 

As pointed out in Sections 3.1.3 and 3.1.4, the use of the AISC stress 

Failure during transport can cause 

3.1.6 Sampler Hoist and Grapple Hoist Housings 

The sampler hoist housing and the grapple hoist housing which are 
rectangular cross-section boxes have been analyzed in Rezvani 1992 and 
Rezvani 1993, respectively. 
normal operation pressure of 37 lbf/in and a design pressure of 55 lbf/in2. 
The normal and design pressures2considered in the grapple hoist housing 
analysis are 110 and 165 lbf/in . 
with the American Society of Mechanical Engineers (ASME) Code, Section VIII, 
Division 1. 
demonstrate that fatigue failure is not a concern. 

The samplzer hoist housing is analyzed for a 

These analyses are performed in accordance 

Using Section VIII, Division 2 criteria, these analyses also 

Review Comment 

Although in the case of the grapple hoist housing only a small design 
safety margin on the primary membrane stress exists, these analyses seem to be 
adequate. 

3.1.7 Grapple Hoist Cable Pulley Shaft 

assembly. 
stress concentration factor of 3.0 in the keyway region. This analysis was 
performed after the shear pins of the cable drum with the original %-in. shaft 
failed twice during the operating tests. The analysis recommended a 1-in. 
diameter shaft with two f-in. diameter shear pins. 

Review Comment 

The stress evaluation of the grapple hoist cable pulley shaft is adequate. 

Ziada 1995 evaluates the cable pulley shaft of the grapple hoist 
The evaluation is based on a shock loading factor of 2.0 and a 

3.1.8 Drill String 

Ziada 1994d provided data on the recommended magnitude of the downforce 
on the drill string dependent on the drill speed. The document recommends 
that the axial force should not exceed 500 lbf when the end of the drill 
string is still free to move laterally (prior to the bit entering the solid 
waste) and 1,000 lbf when the end becomes fixed laterally in the hard waste 
(after penetration of the waste). These limits prevent the drill string from 

12 
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. Non-critical 
in accordance with the procedure without unanticipated deviation. 

2 items are necessary for obtaining and retrieving a sample 

. Non-critical 3 components are easily replaced. These components include 
the disposable/single-use items, such as the samplers and pintle rods. 
Non-critical 3 items are also components that can function by other 
external means, such as mobile cranes. 

3.4.1 Core Sample Tasks 

main tasks. 
part of the core sample truck. 

Retrieving a sample from an underground storage tank involves several 
This FMECA focuses only on tasks involving the operation of some 

These main tasks are described below. 

1. 

2. 

3. 

4.  

5. 

6. 

7. 

8. 

9. 

Platform positioning: Platform positioning includes the truck arriving 
at the tank farm, the hydraulic jacks leveling and stabilizing the 
truck, and the rotation/translation of the platform itself. 

Riser preparation: The platform hoist is intended to be used for 
installing the riser equipment. 

Drill string installation: Drill string installation i s  the insertion of 
the drill string into the tank. 

Sampler insertion: Sampler insertion is the pushing or drilling of the 
core barrel and sampler into the waste to obtain a sample. 

Sampler actuation: Sampler actuation is the closing of the sampler 
rotary valve to contain the sample. 

Pintle rod retrieval: Pintle rod retrieval is removing the pintle rod 
from the drill string. 

Sampler retrieval: Sampler retrieval is removing the sampler from the 
drill string. 

Sampler containerization : Sampler containerization is putting the 
sampler in a transfer cask. 

New sampler installation: New sampler installation is putting a new 
sampler in the already installed drill string. 

Some tasks can be accomplished by more than one method. The operating 
procedure defines the way each task should be done, assuming that all systems 
are operating within specified parameters. 
stop operations, or require some other method to complete a task (such as 
removing the drill string manually). Critical failures are those that stop 
operations without being able to obtain a sample. 
those that can or must be worked around and may result in the sample still 
being obtained. 

Failures can either completely 

Non-critical failures are 
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3.4.2 Critical Systems 

From the core sample tasks, critical and non-critical systems relevant 
to each task were identified as shown in Table 1. The systems identified as 
critical for obtaining a sample are the truck itself, the hydraulics system, 
the drill rig, and the grapple hoist. The truck is critical for delivering 
the systems to the tank. 
stabilizing the truck for sampling operation, rotating and traversing the 
platform to position the drill rig over the penetration riser, and powering 
the drill rig. The drill rig is critical to pushing or drilling the drill 
string into the waste and filling the sampler. The grapple hoist i s  critical 
for actuating the sampler to capture a sample. 

for obtaining a retrievable sample. 
o r  failed component could be replaced to obtain the sample. 

These four systems were further evaluated to identify the critical 
components. The critical mechanical and electrical components are identified 
in Table 2. 

In addition to the hardware critical systems, three items were made 
administratively critical by requiring the administrative shutdown of critical 
systems. 
that do not automatically shut down a system, are high and low instrument 
enclosure temperature alarms, a drill string purge gas high flow rate alarm, 
and a high drill string air/purge gas temperature alarm. 

The hydraulics are critical to leveling and 

These four systems were deemed to be the only critical systems necessary 
All other systems could be circumvented 

These administrative controls, which are initiated by alarm signals 

The high and low instrument enclosure temperatures result in poor - 
operation of the control systems, and require the drill engine to be shut down 
manually. Without the drill engine, the hydraulics and drill rig cannot be 
operated. Both systems are critical to sampling. The environmental control 
system for the instrument enclosure is broken down into critical components in 
Table 2. 

broken drill string. This alarm also requires the drill engine to be shut 
down. This alarm i s  listed in Table 2 for completeness but was not applicable 
to being broken down into critical components. 

The drill string/purge gas high/low temperature alarm indicates when the 
purge gas temperature is too low or too high. 
the sample from drying out or freezing. This alarm requires the drill clutch 
not to be engaged, which precludes any rotary drilling. For the harder waste 
types, rotary drilling is critical to obtaining a sample. This alarm is also 
listed but not broken down in Table 2. 

The high flow rate alarm for the drill string purge gas can indicate a 

The alarm is intended to keep 

3.4.3 Non-critical Systems 

System failures that interfere with the normal retrieval of a sampler 
are considered non-critical 1 if those failures do not interfere with 
retrieving the drill string with the filled sampler still inside. Components 
that fall into this category are the sampler hoist in the shielded receiver 
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Control 

The d r i l l  r i g  i s  control led a t  t h e  Longyear' control console. The 
engine t h r o t t l e  along with the transmission control the speed of the d r i l l .  
The ram flow control valves control the force and speed a t  which the  d r i l l  r i g  
moves up and down. 

Fa i lure  Effect  

Fa i lure  of the d r i l l  r i g  p r io r  t o  i n i t i a t i n g  sampling requires  o n l y  t h a t  
the d r i l l  s t r i n g  be removed manually. 
an incomplete sample. 

f a i l u r e  Reduction 

manufacturer o f  the d r i l l  r i g  should be used in the  maintenance and operat ing 
procedures developed ons i t e .  
ava i lab le  in  case of f a i l u r e .  

Fai lure  during sampling can result in  

The maintenance schedule and operational guide1 ines recommended by the 

Suf f i c i en t  spare par t s  should be readi ly  

Preventat ive and regular  maintenance of the limit switches wil l  reduce 
t h e i r  f a i l u r e  from accumulation of debr i s  and general wear. The switches 
should be cleaned, t e s t e d ,  and replaced on a regular  bas i s  t o  avoid untimely 
f a i  1 ures . 

The control console switches c r i t i c a l  t o  operating the platform 
posi t ioning should a l so  be t e s t ed  and replaced as recommended by the 
manufacturer f o r  harsh condi t ions.  

GraDDle Hoist System Cr i t i ca l  Comoonents 

Mechanical 

The grapple ho i s t  system i s  c r i t i c a l  t o  t he  capture  and containment of a 
sample. The c r i t i c a l  components of the grapple ho i s t  system include the cable 
with the grapple on the end, the bearings in  which the drum sha f t  turns, and 
the ho i s t  motor and brake which turn and hold the drum. Additional components 
within the assembly, such as  the counter which t r acks  the amount of cable  l e t  
o u t  and the guidance mechanisms, add t o  the  smooth operation of the grapple 
ho i s t  b u t  a r e  n o t  c r i t i c a l .  The grapple ho i s t  system holds the  pis ton o f  the 
sampler while the sampler body i s  lowered in to  the  waste and pu l l s  the p i n t l e  
rod upward t o  ac tua te  the  sampler. 

E lec t r i ca l  

The grapple  ho i s t  has a s lack cable  de tec tor  which cuts e l e c t r i c a l  power 
This de tec tor  i s  intended t o  prevent the cable from t o  the ho i s t  motor. 

unspooling from the drum. 

' Longyear i s  a trademark of Longyear Canada Inc. 
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reduce the risk of causing damage until the specific cause is identified. 
FMECA done on this task as well as the problem log are significant sources in 
developing such a guide. 

The 

3.5 PREVENTATIVE HAINTENANCE 

The following maintenance items should be included in a formal ' 

maintenance program. A comprehensive preventative maintenance program will go 
a long way in improving safety, reliability, and availability of these 
trucks. 

As suggested in the stress analyses, some of the welds that have 
stresses close to allowables, and in some cases exceed the allowables, should 
be inspected on a regular basis. Fatigued welds can be identified and 
reinforced before a catastrophic failure. 

Hydraulic items should undergo routine maintenance. 
checked for tightness. 
repaired if required. 
be changed or run through a filter assembly for cleaning. 

components when they are not in use for extended periods. A good definition 
of an extended period i s  two months. 
two months, it is good practice to cycle or actuate the components. This 
means running actuators through the stroke two or three times, cycling 
directional control valves, and operating pumps and motors. This prevents 
seals and packing from taking a seat in position and keeps fresh fluid in - 
valves and on seals. 

Fittings should be 
Actuator seals should be checked for leaks and 
Filters should be replaced regularly and fluid should 

One very important maintenance item is to exercise the hydraulic 

If the hydraulics have not been used for 

As stated earlier, the interlock/limit switches should be cleaned, 
tested, and replaced on a regular basis according to the manufacturer's 
requirements for a harsh environment. 

24 



WHC-SD-WM-ER-537 
Rev. 0 

Table 1. Core Sampling Tasks and System Criticality. 

Task Main C r i t i c a l  Non- 
SystWConponent c r i t i c a l  1 

PLatform Truck X 
Posi t ioning 

Hydraulics X 

I x I  Platform I Rotation 

Riser Hydraulics 
P r e p r a t  i on I I 

Platform Hoist 

D r i l l  S t r ing Foot CI- X 
I n s t a l l a t i o n  

D r i l l  Rig X 

Sampler D r i l l  Rig X 

Grapple Hoist X 
I nser t i on 

Sampler 
Actuation 

Sanpler 

P i n t l e  R c d  Grapple Hoist X 
Retr ieval  

Hydraulics I 
Sanpler 
Retr ieval  

Hydraulics X 

Sampler Hoist X 

Rermte l a t ch  X 
U n i t  

Nitrogen Gas 

Ba l l  Valves 

Spray Uasher 

Non- Non- 
c r i t i c a l  2 c r i t i c a l  3 

1- X 

~ I X 

X 

I 
X 

X I  

X I  

Sanpler Hydraul i cs  X 
Containerization 

Rermte l a t ch  X 
U n i t  

Sanpler Hoist X 

B a l l  Valves I I X I I 
Neu Sampler Sanpler Hoist X 

Hydraulics X 
I ns fa l l a t i on  

B a l l  Valves 

Nitrogen Gas X 
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DESIGN & OPERATIONS OF TRUCKS 

In general, two types of waste exist in the underground waste tanks: 

The 

sludge and hard salt cake. 
full depth samples of the tank waste. 
form, the sampler is pushed through the waste using hydraulic pressure. 
push mode penetration may be difficult, however, if the hard salt cake exists. 
In that case, a sample is taken by rotary mode operation which involves 
drilling into the waste. 
modes. 
contain flammable gases. 

ferrocyanidelnitrate mixtures may start at 180 "C (Kirch 1991). 
the sampling operation must not increase the waste temperature above this 
temperature. 
waste temperature will remain below 180 OC in the hottest tank. 
mode sampling, a nitrogen purge is required to cool the drill bit to 
conservatively maintain its temperature below 150 'C. 
operation, an exhauster system is required for tanks that do not have their 
own active ventilation system to maintain a negative pressure within the tank 
against the addition of nitrogen purge gas. 

The core sampling trucks provide means to take 
For tanks with waste in the sludge 

All trucks except Truck 1 can be operated in both 
The rotary mode operation is not permitted for the 25 tanks that 

It has been experimentally established that exothermic reaction in 
Therefore, 

During rotary 
Studies have been performed to show that in the push mode, the 

During rotary mode 

A . l  DESIGN FEATURES 

perform sampling operations, the two main components are the drill unit and 
the shielded receiver assembly. As the name implies, the drill unit is used 
to obtain a core sample in a sampler assembly. After the sample is obtained, 
the sampler is raised into the shielded receiver and transferred to a transfer 
cask and then to the laboratory for waste characterization. A schematic view 
o f  the truck is shown in Figure A-1. 

To perform sampling, the truck must be positioned for the drill and the 
sampler to be lowered into the tank penetration. A sampler is inserted into 
the drill string core barrel and the drill string is attached to the core 
barrel. The drill string is lowered into the tank and additional sections of 
drill string are attached until the sampler is just above the waste surface. 
The drill string is either pushed or rotated into the waste to obtain the 
sample. 
bit. 

is obtained. 
the sample is raised into the shielded receiver. 
the sample i s  transferred into a transfer cask before it is sent to a 
laboratory for characterization. 

The process of sampling as described above requires the drill unit and 
the shielded receiver to be mounted on a platform that can be rotated to 
position them alternately over the tank penetration and the transfer cask. 

Although the trucks are equipped with many systems and equipment to 

In the rotary mode, a nitrogen purge is required to cool the drill 

The drill string is. detached from the drill unit after the core sample 
The shielded receiver is then placed over the drill string and 

From the shielded receiver, 
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The drill unit and the shielded receiver must be able to move horizontally to 
position them directly over the penetration adapter attached to the tank 
penetration. 

bel ow. 
The design features of the main components are described in the sections 

A . l . l  Truck 

The truck itself is an F-800 (F-700 for Truck 2) diesel engine, 
conventional cab, single-axle, truck manufactured by the Ford Motor Company. 
A lower frame is supported full length on a 2-in. thick wood spacer that sits 
on top of the truck chassis longitudinal members. 
to the chassis and held on spacers with six welded and bolted clip angle 
connections. A stationary platform and a rotary platform, shown in Figure A- 
2, are mounted on the lower frame. No sampling equipment is installed on the 
stationary platform. 

The rotary platform assembly consists of a lower bearing mount plate 
attached to the lower frame by 12 bolts, a spacer bolted to the bearing mount 
plate, a bearing attached to the bearing plate by 18 bolts, and the upper 
bearing plate attached to the platform by 8 bolts. 
a gear-pinion arrangement driven by a hydraulic motor. 
the rear-center, the platform can rotate 200" in either direction. 
rotation greater than this is automatically stopped by limit switches. 

The rotary platform houses an instrumentation cabinet, a control 
console, purge gas assembly, shiylded receiver assembly, drill head and 
grapple hoist assembly, Longyear gasoline powered engine and torque 
converter, and a 2-ton stationary crane. 
to rotate the drill head and also drives the pump which pressurizes the 
truck's hydraulic system. The hydraulic system powers the rotary and 
traversing platforms, the leveling and stabilizing jacks, and the hydraulic 
rams used for lowering and raising the drill head and the shielded receiver. 

The control console support frame and the stationary crane are bolted to 
the rotary platform. The drill head, Longyear engine, grapple hoist assembly 
and the shielded receiver are supported by frames which can slide on the slide 
plates bolted to the rotary platform. 
the drill head and the shielded receiver forward and backward on the slide 
plates. This motion combined with the rotary motion of the platform is used 
to center the drill string within the tank penetration adaptor assembly. 
small rotations, when rotation of the rotary platform is not practical, the 
drill head assembly can be moved sideways by activating hydraulic rams which 
provide slew motion. 

The lower frame is attached 

The platform is rotated by 
With the drill head at 

Any 

The Longyear engine provides power 

Hydraulic rams are activated to move 

For 

The trucks are equipped with one front, and two center and rear jacks 
which are deployed to stabilize and level the truck before the sampling 
operation begins. 
lowered only after the truck is leveled. 

' 

The center jacks are for truck stabilization only and are 

Longyear is a trademark of Longyear Canada Inc. 
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A. 1.2 Sampler 

seal ,  p i s ton ,  O-ring, quadralatch,  a spr ing  and p u l l  block w i t h  cables  f o r  
c los ing  the r o t a r y  valve, and a pintle rod (see Figure A-3). The sampler 
assembly i s  in se r t ed  i n t o  a core  bar re l  a t  the bottom o f  the d r i l l  s t r i n g .  
The e n t i r e  sampler assembly i s  used only f o r  one sampling operat ion and i s  not 
reused. 

The sampler assembly cons i s t s  o f  a sampler body, r o t a r y  valve,  molded 

The sampler body i s  made o f  s t a i n l e s s  s t e e l  and is  used t o  hold t h e  
sample. The ro t a ry  valve body i s  threaded onto the  bottom end of the sampler 
body. The ro t a ry  valve and valve s top  assembly r e s ide  in the valve body which 
has a molded seal  assembly i n s e r t  a t  the bottom. The molded seal forms a sea l  
between the valve body and the  dr i l l  s t r i n g  core barrel  and prevents the waste 
from enter ing  i n t o  t h e  d r i l l  s t r i n g  core ba r re l .  An O-ring c r e a t e s  a seal  
between the p is ton  and t h e  sampler body. A t  t h e  s t a r t  of sampling, t h e  p is ton  
i s  a t  the bottom of the sampler i n  t he  valve body. When the d r i l l  s t r i n g  i s  
pushed down w i t h  the pis ton held s t a t iona ry  by the p i n t l e  rod and grapple  
h o i s t ,  the O-ring sea l  c r ea t e s  a suct ion which draws t h e  tank waste i n t o  t h e  
sampler. When the sample s t roke  i s  complete, t he  O-ring and p is ton  seal  t h e  
upper p a r t  o f  the sampler body and t h e  ro t a ry  valve i s  closed t o  seal  the 
bottom of the sampler. 

The top  of t h e  pis ton i s  connected t o  the  p i n t l e  rod by a shear  pin.  
The p i n t l e  rod has another insert p i n  s l i g h t l y  above the shear  pin.  
i s  assembled flush on one s i d e  and extends on the o the r  s i d e  of the p i n t l e  
rod. The p i n t l e  rod extends t h e  fu l l  length of t h e  sampler and has a cone 
shaped p i n t l e  a t  the top.  
operated h o i s t  a t  the top  of the d r i l l  u n i t  and l a t ches  onto the p i n t l e .  

The sample is  taken by pushing t h e  d r i l l  s t r i n g  core barrel  i n t o  t h e  
waste i n  t h e  push mode o r  by d r i l l i n g  i n t o  the  waste i n  the ro t a ry  mode. 
completion of the sampling s t roke ,  t he  grapple is  r a i sed ,  r a i s i n g  the p i n t l e  
rod. The i n s e r t  pin on t h e  pint le  rod a c t i v a t e s  t h e  t r i g g e r  mechanism, 
r e l eas ing  t h e  compressed spr ing which pushes up the p u l l  block. 
block p u l l s  t h e  two cables  a t tached t o  t h e  ro t a ry  valve. This ac t ion  c loses  
t h e  r o t a r y  valve and the waste sample i s  re ta ined  i n  the sampler. The grapple  
continues t o  r a i s e  t h e  p i n t l e  rod which causes the shear  pin t o  break 
r e l eas ing  the p i n t l e  rod from the p is ton .  The grapple  r a i s e s  the p i n t l e  rod 
above the d r i l l  rod adaptor,  t h e  d r i l l  s t r i n g  i s  separated from the d r i l l  rod 
adaptor,  and t h e  p i n t l e  rod i s  re leased i n t o  container  and discarded.  

T h i s  assembly 
i s  used t o  r e t r i e v e  the sampler i n t o  the shielded rece iver .  The remote l a t c h  
u n i t  a t tached t o  t h e  sampler ho i s t  i s  lowered t o  the sampler and ac t iva t ed  t o  
c lose  on the quadralatch.  The remote l a t c h  u n i t  is  then ra i sed  by the h o i s t  
t o  r a i s e  the sampler i n t o  t h e  shielded receiver .  

T h i s  p i n  

The grapple is  lowered o r  r a i sed  by an e l e c t r i c a l l y  

Upon 

The p u l l  

The top  of the sampler body has a quadralatch assembly. 

A.1.3 Drill S t r i n g  

The d r i l l  s t r i n g  c o n s i s t s  of s ec t ions  of 2k-in. carbon s t e e l  pipe which 
come i n  var ious lengths .  
t o  the d r i l l  s t r i n g  which a c t s  a s  a t r ave l  way f o r  the sampler, grapple  u n i t ,  

The core bar re l  containing the sampler i s  at tached 
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and remote latch unit. 
the drill bit and also the rotation if the sampling mode is rotary. 

The drill string also transfers the downward force to 

Decontamination of the drill string for reuse is not cost effective. 
Once removed from the tank penetration, the drill string sections are 
discarded. 

A.1.4 Drill Unit 

grapple hoist, quill rod, chuck, and hydraulic system. The rig is powered by 
the Longyear engine and applies downward thrust and rotary motion to the drill 
string. 
operation. 

The Longyear drill unit consists of a gasoline engine, hydraulic pump, 

The rotation of the drill string is not engaged in push mode 

The drill.rig is supported by a drill head service platform which has 
five legs bolted to the rotary platform and an end-plate bolted to the engine 
housing. The service platform also supports the instrument cabinet, purge gas 
assembly, and the grapple hoist assembly. 

The grapple hoist assembly consists of many parts including grapple, 
motor, drum, swivel, cable and pulleys, cable length counter. The grapple 
latches onto the pintle of the sampler assembly and the grapple hoist keeps 
the sampler's piston stationary during sampling. The grapple hoist also pulls 
the pintle rod to close the rotary valve at the completion of the sampling 
stroke and removes the pintle rod to prepare the sampler for retrieval into 
the shielded receiver. The grapple hoist is powered by the motor which turns 
the drum located in the grapple hoist box at the top of the drill unit. 
grapple hoist cable spools off the drum over guide pulleys, runs down through 
the bellows assembly, the quill rod, and the drill string. The bellows are 
part of the pressurized nitrogen purge flow path to the drill string and 
compensates for the vertical travel of the drill rig. A swivel connects the 
bellows to the quill rod to prevent the rotary motion of the quill rod from 
twisting the bellows. The quill rod is a section of pipe with an adaptor at 
the bottom to connect the drill string. The drill unit's hydraulically 
actuated chuck locks onto the quill rod for transferring the drill rotation 
and downward translation. The bellows, quill rod, and connected drill string 
provide the travel way for the grapple and the nitrogen purge gas. 

hydraulic pump is driven by the Longyear gasoline engine. 
and motors are used to power the drill string rotation and vertical travel, 
the vertical positioning of the shielded receiver, and the service platform 
rotation, translation, and slew. The truck's leveling and stabilizing jacks 
are also hydraulically actuated and use a remote connection to attach to the 
truck's hydraulic system. 

The 

The drill unit components are powered by the hydraulic system. The 
Hydraulic actuators 

A.1.5 Shielded Receiver Assembly 

The shielded receiver is a long steel tube lined on the inside with 
1 in. of lead and provides interim sample shielding. The shielded receiver is 
pressurized with nitrogen when the sampler is raised into it. 
cylinders raise or lower the receiver as required. 

Two hydraulic 
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The grapple is lowered to latch onto the pintle. The hydraulic ram is 
then activated to apply downward force on the quill rod and in turn to the 
drill string to obtain a sample. Upon completion of the sampling stroke, the 
grapple is raised up which activates the rotary valve closure mechanism when 
the pin on the pintle rod releases the spring directly below the pull block. 
The upward movement of the pull block pulls the cable attached to the rotary 
valve and closes the valve. 
shear pin connecting the piston and the pintle rod to break. 
is retained in the sampler body between the piston and the rotary valve. 
pintle rod is raised above the quill rod adaptor. 
disconnected from the quill rod and both are capped. 
so the quill rod adaptor can be connected to a pintle rod container. 
pintle rod is released into the container and the quill rod is disconnected 
and capped again. 
receiver over the drill string. 

Further upward movement of the grapple causes the 
The waste sample 

The 

The platform is rotated 
The drill string is 

The 

The platform is rotated again to position the shielded 

Before the shielded receiver is positioned over the drill string, the 
sampler change-out assembly is installed. 
string to prevent waste from entering the core barrel when the sampler is 
being removed. 
deposited in a special container. 
shielded receiver over the drill string. 
to the change-out assembly and is pressurized with nitrogen. 
valve on the sampler change-out assembly is opened. 
lowered and attached to the sampler quadra latch. 
the receiver and the isolation valve on the sampler change-out assembly is 
closed. The shielded receiver is then depressurized. The ball valve on the 
shielded receiver is closed, the shielded receiver is unlatched from the 
change-out assembly and raised up. The platform is then rotated to position 
the receiver over the empty transfer cask, the ball valve is opened, and the 
sampler is lowered into the transfer cask and released by the remote latch 
unit. 

is positioned over an empty sampler, the ball valve is opened, the remote 
latching unit is lowered and attached to the empty sampler, and the sampler is 
then raised into the shielded receiver. The ball valve is closed, the 
shielded receiver is unlatched, and the platform is rotated to position the 
shielded receiver over the drill string. 
connected to the sampler change-out assembly and pressurized, the ball valves 
on the shielded receiver and the change-out assembly are opened, and the 
remote latch unit and the sampler are lowered into the drill string low enough 
to latch into the core barrel. The remote latch unit is then disconnected and 
raised away from the sampler. The isolation valve on the sampler change-out 
assembly is closed and the shielded receiver is depressurized. The ball valve 
on the shielded receiver is then closed and the shielded receiver moved away 
from the sampler change-out assembly. The drill string is depressurized and 
the sampler change-out assembly is disconnected. Another section of drill 
string is added and the next sample is taken. 

Nitrogen is supplied to the drill 

The grapple is raised to remove the pintle rod which i s  
The platform is rotated to bring the 

The shielded receiver is connected 
The isolation 

The remote latch unit is 
The sampler is raised into 

To insert an empty sampler for further sampling, the shielded receiver 

The shielded receiver is then 

A.2.2 Rotary Mode 

The sampling operation and the sample recovery process essentially 
remains the same as described in Section A . 2 . 1  except that the nitrogen system 
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must be activated in the rotary mode to cool the drill bit. Also, if the tank 
does not have an active ventilation system, a portable exhauster must be used. 

The safety analysis requires the drill bit temperature not to exceed 
150 OC. However, the drill bit temperature is not directly measured. 
limiting the drill rotation to 55 rpm and the down force on the drill string 
to 1170 lbf while maintaining at least 30 standard cubic feet per minute flow 
of nitrogen through the drill string, the drill bit temperature will not 
exceed the above limit. An alarm will be activated if any of these conditions 
are not met. If the operator i s  unable to correct the problem within a brief 
period of time, the truck will automatically shutdown due to electrical power 
to the truck being cut, killing the drill engine. 

The operating procedure allows the truck to be operated in the rotary 
mode without nitrogen purge at the discretion of the person-in-charge. It, 
however, restricts the speed and duration of the drill bit rotation, and time 
between drillings to limit drill bit temperature. 

By 
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Figure A-1. Truck Schematic. 
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Figure A-3. Sampler Assembly 
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F i g u r e  A-4 .  Remote L a t c h  U n i t  
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