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Testing o f  Scavenger Systems Dislodging 
& Conveyance Devices 

Executive Summary 

The objective of the proposed test series was to evaluate and quantify the 
performance of ARD Environmental’s (ARD) SCAVENGER@ robotic systems on 
simulated waste materials that have been characterized as those typically 
found in the single shell tanks at the Hanford, Washington DOE site. The 
scope o f  the effort was to: (1) develop a detailed test methodology, using 
simulants defined by Westinghouse, to evaluate the capability of ARD’s 
existing remotely-operated vehicles, equipped with a variety of toolheads, to 
break up and convey the simulants; (2) instrument ARD‘s equipment to provide 
meaningful engineering data to characterize performance; and (3) perform the 
tests, document, analyze and report the results and provide recommendations 
for any follow-on effort. 
was to be performed under this test plan. 
technologies against materials likely to be encountered during actual tank 
cleaning. 

The test methodology was as follows: ARD XT2000 and XTlOOO vehicles, fitted 
with standard rotary cutter and pump, a modified scabbler, and jackhammer with 
standard and custom blades were tested for their ability to break up and 
convey the various simulants. Both air conveyance and a positive displacement 
pump were tested as means for moving the material. The equipment was 
instrumented to measure hydraulic pressure and flow rate, diluent water 
pressure and flow rate, acceleration, preloads and tool position, and 
electrical current and voltage. 
determine if there were any significant engineering parameters, the 
measurement of which would aid materially in understanding the factors 
governing the breakup and removal process. In addition, qualitative 
parameters were also observed, and provided meaningful performance information 
that will guide future efforts. The general test matrix, and parameters 
evaluated are summarized below: 

It should be noted that no optimization of systems 
The focus was testing existing 

The purpose of the instrumentation was to 

i i  



WHC-SD-WM-TD-011, Rev. 0 

SLUDGE SUCTION, LOW 
PRESSURE SLURRY 

SLUDGE BREAKUP AND 
CONVEYANCE, NO 
SLURRY 

SLUDGE BREAKUP AND 
CONVEYANCE, LOW 
PRESSURE SLURRY 
SLUDGE BREAKUP AND 

CONVEYANCE, LOW 
PRESSURE SLURRY 
SLUDGE BREAKUP AND 
CONVEYANCE, NO SLURRY 

TEST TYPE I TEST TOOL I VEHICLE 
ROTATING CUTTER AND XT2000 
PUMP, DILUENT 
INJECTION 
ROTATING CUTTER XT2000 
HEAD AND SUCTION 

ROTATING CUTTER XT2000 
HEAD AND PUMP 
LP SPRAY BAR 
ROTATING CUTTER HEAD XT2000 
AND SUCTION SYSTEM 

SCABBLER, SUCTION XTlOOO 
HEAD AND PUMP 

~ 

SLUDGE BREAKUP AND 
CONVEYANCE, NO SLURRY 

HYDRAULIC JACKHAMMER XTlOOO 
SUCTION HEAD AND PUMP 

SLUDGE BREAKUP AND ROTATING CUTTER 
CONVEYANCE, NO SLURRY HEAD AND PUMP 

SIMULANT 

XT2000 

SLUDGE, 2 RECIPES 

SLUDGE, 2 R E C I P E S  

SLUDGE, 2 R E C I P E S  

HARDPAN / DRIED 
SLUDGE, 2 
RECIPES:  
SALTCAKE, 5 
R E C I P E S  
HARDPAN / DRIED 11 
SLUDGE, 2 
RECIPES;  
SALTCAKE, 5 
RECIPES 

I/ SALTCAKE, 2 
R E C I P E S  

The s p e c i f i c  t e s t  m a t r i x  was mod i f i ed  d u r i n g  t e s t i n g ,  based on obse rva t i on  o f  
t he  t e s t i n g  and d i scuss ion  w i t h  Westinghouse personnel. The d e t a i l s  o f  t h e  
t e s t i n g  are addressed i n  a subsequent s e c t i o n  o f  t h i s  r e p o r t .  

The q u a l i t a t i v e  ope ra t i ona l  parameters observed were: 

. 

. 

. 

. 
* C logging o f  t h e  system 
. 

Ease o f  deployment and r e t r i e v a l  
T r a c t i o n  and maneuverab i l i t y  o f  t h e  v e h i c l e  
A b i l i t y  o f  ope ra to r  t o  observe and guide opera t i on  
A b i l i t y  t o  break up o r  d i s lodge  mate r ia l  

A b i l i t y  t o  remove m a t e r i a l s  from t h e  s i t e  t o  t h e  containment 

iii 
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The quantitative parameters observed were: 

. Equipment configuration 

. Gross material removal rate (includes any injected water) 

. Net material removal rate 

. Maximum removable particle size 

. Cutter head blade and tooth configuration 

. Cutter head hydraulic pressure (P(t)) 

. Cutter head hydraulic flow (Q(t)) 

. Jackhammer tool configuration 

. Jackhammer hydraulic pressure (P(t)) 

. Scabbler tool configuration 
* Scabbler current (I(t)) 
. Scabbler voltage (V(t)) 
. Temperature at workface 
. Ambient temperature 
. Tool pre-load force 
. Volume and rate of injected water 

Qualitative observations are contained in the individual test data sheets, and 
representative samples of the quantitative data are contained in printouts 
from the Labview files generated during the tests. 
representative sections of video are included with the report as an enclosure. 

In addition, 

The results of this test program are as follows: 

1. ARD's tracked vehicles, although designed for other applications, are 
viable platforms for various end effectors, and dislodging and conveying 
equipment. 
soft sludges. This came as no surprise, as the vehicles were 
specifically designed for materials that could either support the 
vehicle while it maneuvered, or were thin enough to allow the vehicle to 
sink to the bottom and gain a footing there. 
mired in the 4.6 psi shear hardpan, where the material only allows the 
tracks to sink to the level of the deck plate. 
vehicles are available which can negotiate even the softest materials, 
since they will float at some point. 

The vehicles could negotiate all materials except the very 

The XTlOOO vehicle became 

Note that tracked 

iv 
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2 .  The o f f - t h e - s h e l f  equipment used t o  d i s lodge  t h e  s imulants  a l l  worked t o  
some ex ten t .  The ARD c u t t e r  head, a l though designed s p e c i f i c a l l y  f o r  
hydrocarbon sludges and moderately compacted sediments, was moderate ly  
e f f e c t i v e  a t  break ing up t h e  h igh  s t r e n g t h  sa l t cake ,  h i g h l y  e f f e c t i v e  a t  
d i s l o d g i n g  and moving t h e  l ow  s t r e n g t h  sa l tcake,  and e f f e c t i v e  a t  
b reak ing  up t h e  2 hardpan s imulants .  It a lso  e a s i l y  d i s lodged  t h e  
o r i g i n a l  s t i c k y ,  wet sludge, however d i l u e n t  water  was r e q u i r e d  t o  
a s s i s t  i n  t h e  t r a n s f e r  o f  m a t e r i a l .  

The Scabbler was q u i t e  e f f e c t i v e  a t  powdering t h e  h igh  s t r e n g t h  sa l t cake  
b u t  n o t  use fu l  i n  t h e  d r i e d  o r  wet sludges. The jackhammer e a s i l y  broke 
up t h e  sa l t cake  i n t o  l a r g e  chunks, and w i t h  a mod i f i ed  t o o l ,  was ab le  t o  
p u l v e r i z e  t h e  sa l t cake  i n t o  small  p ieces t h a t  would be e a s i e r  t o  convey. 

The conveyance methods t e s t e d  a l so  were e f f e c t i v e  t o  va ry ing  degrees. 
The p o s i t i v e  displacement pump t h a t  i s  a standard component o f  t h e  
XT2000 was capable o f  pumping every m a t e r i a l  t h a t  cou ld  be f e d  t o  i t  by 
t h e  c u t t e r  head. The d i f f i c u l t y  encountered was r e l a t e d  t o  t h e  space 
between t h e  c u t t e r  head and t h e  pump. Normally, t h i s  system operates 
w i t h  t h e  c u t t e r  head and pump i n t a k e  submerged, and feed ing  t h e  pump i s  
n o t  a problem. Where they  are n o t  submerged, as was t h e  s i t u a t i o n  i n  
t h e  t e s t i n g ,  t h e r e  i s  no p o s i t i v e  feed t o  t h e  pump and t h e  5 p s i  s u c t i o n  
t h e  pump generates i s  i n e f f e c t i v e .  
f i l l i n g  a b a r r e l  w i t h  t h e  wet sludge and immersing the  pump. 
was successfu l  and demonstrated the  a b i l i t y  o f  t he  pump t o  convey t h e  
s t i c k y ,  wet sludge. 

The a i r  conveyance was q u i t e  e f f e c t i v e  i n  moving r e l a t i v e l y  d r y  m a t e r i a l  
when t h e  p a r t i c l e  s i z e  was l e s s  than 1/3 the  d iameter  o f  t h e  conveyance 
hose. Larger  p a r t i c l e s  would c l o g  the  hose, however, t h e  c logs  were 
r e l a t i v e l y  easy t o  c l e a r .  
scabbler  on the  h i g h  s t reng th  sa l t cake  and t h e  c u t t e r  head on t h e  l ow  
s t r e n g t h  sa l t cake .  
hose, reducing t h e  diameter u n t i l  i t  clogged. These c logs  were a l s o  
r e a d i l y  c lea red  and may have been avoided w i t h  a d d i t i o n a l  water .  

The q u a n t i t a t i v e  parameters r e l a t i n g  t o  the  measurement o f  pressures, 
f l ows  and t h e  l i k e  were n o t  e s p e c i a l l y  s i g n i f i c a n t ,  w i t h  t h e  except ion 
o f  t h e  jackhammer. 
G's, l e a d  us t o  b e l i e v e  t h a t  t h e  frequency o f  r e p a i r  f o r  a jackhammer 
would be r e l a t i v e l y  h igh.  Th is  may prec lude extended use o f  a 
jackhammer o f  convent ional  des ign i n  t h e  tank  environment a t  Hanford. 

The a b i l i t y  o f  t h e  operator  t o  manipulate t h e  equipment and observe t h e  
work area was e x c e l l e n t .  The s i z e  o f  t he  t e s t  t ubs  prec luded ex tens i ve  
maneuvering, however, t h e  operator  was ab le  t o  move t h e  veh ic les  and 
o r i e n t  t h e  end e f f e c t o r  t o o l i n g  w i thou t  d i f f i c u l t y .  

3 .  

A separate pumping t e s t  was r u n  by 
Th is  t e s t  

The a i r  conveyance worked bes t  w i t h  t h e  

Wet sludge tended t o  accumulate on t h e  w a l l s  o f  t h e  

4 .  

The h igh  l e v e l s  o f  acce le ra t i on ,  i n  excess o f  15,000 

5 .  

V 
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Several conclusions were arrived at based on the results of this test program. 

First, it is clear that commercially available tools can be effective against 
all types of materials, from the hardest saltcake to the softest sludges. 
There are a number of commercially available end effectors, not tested as part 
of this project, which might be suitable for the dislodging process, and which 
could be optimized at reasonable cost. Second, the diverse nature of the 
materials significantly affects the efficiency of the dislodging and removal 
methods. The more homogeneous the materials can be made during the dislodging 
process, in terms of their mechanical conveyance characteristics, the more 
effective the removal method. Third, the tests performed as part of this 
project are not representative of conditions in a tank, where the various 
materials are present in combination. 

It is recommended that integrated testing of commercially available or 
scalable devices for dislodging and conveying be preformed. 
involve the identification of promising hardware, an analysis o f  each to 
determine suitability, and may be divided into groups according to delivery 
mechanism. 
follow-on effort to this project. 
nearly replicate the operational environment in the tanks, including scaling 
up the test beds and using mixed materials. 
additional testing, an analysis of the most promising techniques should be 
done to determine what modifications may optimize performance, improve 
operations, and what the resultant costs and improvements in performance would 
be. 
nuclear materials will remain important to assessing the promise of 
technologies and their application to in-tank work. 

This effort would 

Those devices which appear to offer promise should be tested in a 
Larger-scale testing should be done to more 

Finally, as a follow-on to 

A thorough knowledge of tank cleaning dynamics and logistics involving 

Analytical data, technical descriptions, and videos are available on request. 

vi 
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T e s t  D a t a  b O b s e r v a t i o n s  
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TEST #: T1 

TEST DESCRIPTION: Sludge breakup and conveyance, no slurry 

EQUIPMENT CONFIGURATION: XT2000, rotating cutter head and suction system. 

TEST MATERIAL: Saltcake 2, 1500 psi compressive. 

TEST TUB: R1 

DATE: April 8, 1996 

TEST MANAGER: Jim Ridgely 

PRETEST CHECKLIST: 
Pre-Test Checkout: Vehicle and Tools 
A. Check all hydraulic and electrical connections at the vehicle and HPU. 

(Complete) 
B. Start HPU and bring to operating temperature.(Complete) 
C. Check vehicle drive functions. (Complete) 
0. Check lift arm function.(Complete) 
E. Check cutter head function. (Complete) 
F. Check suction system function. (Complete) 

Pre-Test Checkout: Data Loqainq 
A. Stop HPU.(Complete) 
B. Start and initialize data logger. (Complete) 
C. Read shorted input channel on A/D converter. (Complete) 
D. Read reference input channel on A/D converter. (Complete) 
E. Read accelerometer output with all equipment off. (Complete) 
F. Start HPU. (Complete) 
G. Lower lift arms to bottom of stroke and read LVDT sensor. (Complete) 
H. Raise lift arms and read LVDT sensor as head moves to top of stroke. 

(Complete) 
I. With lift arms raised, activate cutter head, read Pa, Ps, Pr, flow, 

accel erometer. 
J. Stop cutter head. (Complete) 
K. Stop data logging, review data to insure logging is correct. (Complete) 
L. Check operation of the IR thermometer. (No I/R Thermometer used for this 

test) 

Eauioment Insertion 
A. Remove end form from tub. (Complete) 
B .  Position ramp. (No ramp used) 
C. Drive vehicle into appropriate tub. (Complete) 

Video Eauioment Check 
A. Position external video camera to record actions of the vehicle and cutter 

head, conduct operational check. (Complete) 

2 
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DATA F I L E  NAME: T1-1 & T1 2 &T1 3 
START TIME: 2:49:05; 2:53:04, 2 : 5 5 : 1 2  
STOP TIME: 2 : 5 3 : 0 2 ,  2 : 5 5 : 1 6 ,  2 : 5 5 : 4 8  
DURATION I N  MINUTES: 6 Minutes 05  Seconds 
OFFBOARD VIDEO TAPE X :  

OBSERVATIONS AND COMMENTS: 
A. Ease of deployment and retrieval 
6.  Traction and maneuverability of the vehicle 
C. Ability of the operator to observe and guide operation 
D. Ability to break up or dislodge material 
E. The propensity of the system to clog, and ease of clearing clogs. 
F: Other: 

The vehicle appeared to handle the terrain created by the cutter head blades 
well. The face of material, approximately 1 1  inches was attacked with the 
cutter blades. Following initial removal of material from the face, the 
vehicle was able to climb onto the test bed and continue to remove material. 
The rough rock-li ke surface created a good traction area for maneuverability. 
The operator interface was acceptable for this configuration. The rotating 
cutter blades were capable of breaking up and dislodging the salt cake for 
transfer. The particle size o f  the waste material varied significantly during 
the project. 
uniform material it scraped the surface of the cake creating fine granular 
particles. When working on shallow cake thickness (>  2 inches) the cutter 
blades would shear large chunks of the material 1" to 4 "  in size. 
pieces could not be transferred with the air conveyance system available. 
system used during this test was a batch cycle vacuum truck. Capable of 
moving approximately 1800 cfm of air. 
discharge line and could not be cleared remotely. NOTE: Triaxial Accelerometer 
was not powered during the demonstration. 

It appeared that when the cutter blades were working on thick 

The larger 
The 

The larger chunks would clog the 

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: 6 7  POUNDS 
CONTAINER GROSS WEIGHT: 3 8 5  POUNDS 
WATER VOLUME, ( I F  APPLICABLE): 0 GALLONS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE): POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: 3 1 8  POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
52 LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = 0 . 4 2 4  CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 6 2 . 4  t NE1 
MATERIAL WEIGHT) = 100% 

3 
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TEST %: TL 

TEST DESCRIPTION: Sludge breakup and conveyance, no s l u r r y  

EQUIPMENT CONFIGURATION: XTLOOO, r o t a t i n g  c u t t e r  head and s u c t i o n  system. 

TEST MATERIAL: Sal tcake 1, 3000 p s i  compressive. 

TEST TUB: R2 

DATE: A p r i l  9, 1996 

TEST MANAGER: Jim R idge ly  

PRETEST CHECKLIST: 
Pre-Test Checkout: Veh ic le  and Tools 
A .  Check a l l  h y d r a u l i c  and e l e c t r i c a l  connections a t  t h e  v e h i c l e  and HPU. 

(Complete) 
S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature. (Complete) 6. 

C.  Check v e h i c l e  d r i v e  functions.(Complete) 
D. Check l i f t  arm function.(Complete) 
E. Check c u t t e r  head function.(Complete) 
F. Check s u c t i o n  system function.(Complete) 

Pre-Test Checkout: Data Loqainq 
A. Stop HPU.(Complete) 
6. S t a r t  and i n i t i a l i z e  data l ogger .  (Complete) 
C.  Read shor ted i n p u t  channel on A/D conver ter .  (Complete) 
D. Read re fe rence  i n p u t  channel on A /D  conver ter .  (Complete) 
E. Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  (Complete) 
F .  S t a r t  HPU. (Complete) 
G. Lower l i f t  arms t o  bottom o f  s t r o k e  and read LVDT sensor. (Complete) 
H. Raise l i f t  arms and read LVDT sensor as head moves t o  t o p  o f  s t roke .  

(Complete) 
I .  With l i f t  arms ra i sed ,  a c t i v a t e  c u t t e r  head, read Pa, Ps, P r ,  f l ow ,  

accelerometer 
J .  Stop c u t t e r  head. (Complete) 
K. Stop da ta  logging,  rev iew data t o  i nsu re  l ogg ing  i s  c o r r e c t .  (Complete) 
L. Check opera t i on  o f  t h e  I R  thermometer. (No I / R  Thermometer used f o r  t h i s  

t e s t )  

Eauioment I n s e r t i o n  
A.  Remove end form from tub.  (Complete) 
6. P o s i t i o n  ramp. (No ramp used) 
C.  D r i v e  v e h i c l e  i n t o  app rop r ia te  tub.  (Complete) 

Video EquiDment Check 
A .  P o s i t i o n  e x t e r n a l  v ideo  camera t o  reco rd  ac t i ons  o f  t h e  v e h i c l e  and c u t t e r  

head, conduct ope ra t i ona l  check. (Complete) 

4 
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DATA F I L E  NAME: T2-1 & T2 2 & T2 3 
START TIME: 12: 54:  06, 1 : 00746, 1 :03:45 
STOP TIME: 12:59:06, 1:03:42, 1:04:56 
DURATION I N  MINUTES: 9 Minutes 07 Seconds 
OFFBOARD VIDEO TAPE #: 

OBSERVATIONS AND COMMENTS: 
A. 
B. 
C .  
0 .  
E. 
F: Other :  

The 3000 p s i  sa l t cake  mix was v i s i b l y  more d i f f i c u l t  t o  d i s lodge .  
was ab le  t o  a t t a c k  t h e  face o f  t h e  sa l t cake  and a l so  c l i m b  on t o  t h e  t o p  o f  
t h e  cake su r face .  
maneuverab i l i t y .  
f o r  t h i s  c o n f i g u r a t i o n .  
sa l t cake  b u t  t h e  r a t e  o f  d i s l o d g i n g  was n o t i c e a b l y  slower. The p a r t i c l e  s i z e  
d i s t r i b u t i o n  was a l s o  s i m i l a r  t o  t h e  1500 p s i  sa l t cake  w i t h  s l i g h t l y  more f i n e  
m a t e r i a l  and t h e  l a r g e s t  p ieces being l a r g e r  up t o  6" i n  s i ze .  The removal 
i n t e r f a c e  was i d e n t i c a l  t o  T1 i n  t h a t  t he  conveyance system was e x c e l l e n t  f o r  
t h e  f i n e  m a t e r i a l  (<  1" d iameter)  bu t  i n e f f e c t i v e  f o r  l a r g e r  p a r t i c l e s  due t o  
l i n e  c logs .  NOTE: The rpm mon i to r  gear came o f f  e a r l y  i n  t h e  t e s t i n g .  Th is  
was caused by t h e  gear coming i n t o  con tac t  w i t h  the  sa l t cake  and unscrewing 
due t o  t h e  r o t a t i o n  o f  t h e  c u t t e r  head. RPM was then determined from f l o w  
r a t e  t o  t h e  motor. 

Ease o f  deployment and r e t r i e v a l  
T r a c t i o n  and maneuverab i l i t y  o f  t h e  v e h i c l e  
A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
A b i l i t y  t o  break up o r  d i s lodge  m a t e r i a l  
The p ropens i t y  o f  t h e  system t o  c log,  and ease o f  c l e a r i n g  c logs .  

The v e h i c l e  

The sur face o f  t h e  sa l t cake  prov ided e x c e l l e n t  t r a c t i o n  and 

The m a t e r i a l  d is lodged s i m i l a r  t o  the  1500 p s i  
Operator i n t e r f a c e  f o r  guidance and opera t i on  was adequate 

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: 69 POUNDS 
CONTAINER GROSS WEIGHT: 253 POUNDS 
WATER VOLUME, ( I F  APPLICABLE) : 0 GALLONS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE): N/A POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: 184 POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
20.22 LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) =.245 CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 t NET 
MATERIAL WEIGHT) = lo0  % 
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TEST DELETED 

TEST 8: T3 

TEST DESCRIPTION: Sludge breakup and conveyance, no s l u r r y  

EQUIPMENT CONFIGURATION: XT1100, h y d r a u l i c  jackhammer, s u c t i o n  hiead and 
s u c t i o n  system. 

TEST MATERIAL: Sal tcake 5 ,  1 .5  p s i  compressive. 

TEST TUB: L1 

DATE: 

TEST MANAGER: 

PRETEST CHECKLIST: 
Pre-Test Checkout: Veh ic le  and Tools 
A. Check a l l  h y d r a u l i c  and e l e c t r i c a l  connections a t  t h e  v e h i c l e  and HPU. 
B. S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature. 
C.  Check v e h i c l e  d r i v e  func t i ons .  
0. Check l i f t  arm f u n c t i o n .  
E .  Check jackhammer f u n c t i o n .  
F. Check s u c t i o n  system f u n c t i o n .  

Pre-Test Checkout: Data Loaainq 
A. Stop HPU. 
B. 
C .  Read shor ted i n p u t  channel on A/D conver ter .  
D. Read re fe rence  i n p u t  channel on A /D  conver ter .  
E .  
F. S t a r t  HPU. 
G.  Lower l i f t  arms t o  bottom o f  s t roke  and read LVDT sensor. 
H. 
I .  With l i f t  arms ra i sed ,  a c t i v a t e  jackhammer, read Pa, Ps, P r ,  f l ow ,  

J. Stop jackhammer. 
K.  
L. 

Eauioment I n s e r t i o n  
A.  L i f t  v e h i c l e  w i t h  gan t ry .  
B. Move t o  app rop r ia te  tub.  
C.  Lower v e h i c l e  i n t o  t h e  t u b .  

Video Eauioment Check 
A. P o s i t i o n  ex te rna l  v ideo camera t o  reco rd  ac t i ons  o f  t he  v e h i c l e  and 

jackhammer, conduct ope ra t i ona l  check. 
B .  Conduct ope ra t i ona l  check o f  on-board v ideo system. 

S t a r t  and i n i t i a l i z e  da ta  l ogger .  

Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  

Raise l i f t  arms and read LVDT sensor as head moves t o  t o p  o f  s t roke .  

accelerometer. 

Stop data l ogg ing ,  rev iew data t o  i n s u r e  l ogg ing  i s  c o r r e c t .  
Check opera t i on  o f  t h e  I R  thermometer. 
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DATA F I L E  NAME: 
START TIME: - 
STOP TIME: 
DURATION I N X N U T E  S: 
ONBOARD VIDEO TAPE #: 
OFFBOARD VIDEO TAPE #: 

OBSERVATIONS AND COMMENTS: 
A. 
B. 
C .  
0. 
E. 
F: Other: 

Ease o f  deployment and r e t r i e v a l  
T r a c t i o n  and maneuverab i l i t y  o f  t h e  v e h i c l e  
A b i l i t y  of t h e  opera to r  t o  observe and guide opera t i on  
A b i l i t y  t o  break up o r  d i s lodge  mate r ia l  
The p ropens i t y  o f  t h e  system t o  c log ,  and ease o f  c l e a r i n g  c:logs. 

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: POUNDS 
CONTAINER GROSS WEIGHT: POUNDS 
WATER VOLUME, ( I F  APPLICABLE): GALLONS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE): POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = ~ CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 t NET 
MATERIAL WEIGHT) = % 
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MODIFIED TEST 

TEST #: T4 

TEST DESCRIPTION: Sludge breakup and conveyance, 

EQUIPMENT CONFIGURATION: XT2000, r o t a t i n g  cu t te rhead ,  and suc t ion  system. 

no s l u r r y  

TEST MATERIAL: Sal tcake  4 ,  8 psi  compressive. 

TEST TUB: L 2  

DATE: Apri l  9,  1996 

TEST MANAGER: Jim Ridgely 

PRETEST CHECKLIST: 
Pre-Test Checkout: Vehicle and Tools 
A .  Check a l l  hydraul ic  and e l e c t r i c a l  connections a t  t h e  vehic le  and HPU 

(Complete) 
B. S t a r t  H P U  and br ing t o  operat ing temperature .  (Complete) 
C .  Check vehic le  d r i v e  func t ions .  (Complete) 
D .  Check l i f t  arm function.(Complete) 
E .  Check c u t t e r  head func t ion .  (Complete) 
F.  Check suc t ion  system funct ion .  (Complete) 

Pre-Test Checkout: Data Loqqinq 
A.  Stop HPU.(Complete) 
B. S t a r t  and i n i t i a l i z e  d a t a  logger .  (Complete) 
C .  Read shor ted  input  channel on A / D  conver te r .  (Complete) 
D .  Read re ference  input  channel on A / D  conver te r .  (Complete) 
E. Read accelerometer  output  with a l l  equipment o f f .  (Complete) 
F.  S t a r t  H P U .  (Complete) 
G .  Lower l i f t  arms t o  bottom of s t r o k e  and read LVDT sensor .  (Complete) 
H .  Raise l i f t  arms and read LVDT sensor  as  head moves t o  top  of s t r o k e .  

(Complete) 
I .  W i t h  l i f t  arms r a i s e d ,  a c t i v a t e  c u t t e r  head, read Pa, Ps, Pr ,  f low,  

accel  erometer . 
J .  Stop c u t t e r  head. (Complete) 
K. Stop d a t a  logging,  review d a t a  t o  insure  logging i s  c o r r e c t .  
L .  Check opera t ion  of t h e  IR thermometer. 

(Complete) 

Eauioment I n s e r t i o n  
A .  Remove end form from t u b .  (Complete) 
B .  Posi t ion  ramp. (No ramp used) 
C .  Drive v e h i c l e  i n t o  appropr ia te  tub .  (Complete) 

Video Eauioment Check 
A .  Pos i t ion  ex terna l  video camera t o  record a c t i o n s  of t h e  vehic le  and c u t t e r  

head, conduct operat ional  check. (Complete) 
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DATA FILE NAME: 
START TIME: 1:43:52, 1:48:39, 1:50:04 
STOP TIME: 1:46:44, 1:49:50, 1:52:22 
DURATION IN MINUTES: 6 minutes 21 seconds 
OFFBOARD VIDEO TAPE #: 

OBSERVATIONS AND COMMENTS: 
A. Ease o f  deployment and r e t r i e v a l  
B .  T r a c t i o n  and maneuverab i l i t y  o f  t he  v e h i c l e  
C.  A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
D. A b i l i t y  t o  break up o r  d i s lodge  m a t e r i a l  
E. The p ropens i t y  o f  t h e  system t o  c log,  and ease o f  c l e a r i n g  c logs .  
F: Other :  

The v e h i c l e  was ab le  t o  e a s i l y  move i n t o  the  8 p s i  sa l t cake .  T r a c t i o n  and 
m o b i l i t y  were good and t h e  sur face d i d  n o t  appear t o  o f f e r  any s i g n i f i c a n t  
obstac les.  
guidance o r  removal e f f i c i e n c y .  The ma te r ia l  compr is ing t h e  8 p s i  sa l t cake  
has l i m i t e d  compressive a t t r i b u t e s  b u t  almost no cohesive p r o p e r t i e s .  Th is  
enabled t h e  r o t a t i n g  c u t t e r  blades t o  shear the  m a t e r i a l  a t  a h i g h  r a t e  o f  
speed. The conveyance system was i n  f a c t  overrun by t h e  c u t t e r s  a b i l i t y  t o  
break up m a t e r i a l  and t r a n s p o r t  i t  t o  the  suc t i on  opening. 
was a t tacked  aggress i ve l y  t h e  suc t i on  l i n e  clogged. Two c logs  were 
experienced e a r l y  i n  data T4-1 and T4-2. 
s u i t e d  b u t  undersized. 

T4-1 & T4-2 & T4-3 

Operator i n t e r f a c e  d i d  n o t  c rea te  any problems w i t h  v e h i c l e  

When t h e  m a t e r i a l  

The conveyance method 'was w e l l  

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: 77 POUNDS 
CONTAINER GROSS WEIGHT: 697 POUNDS 
WATER VOLUME, (IF APPLICABLE) : 0 GALLONS 
FILTER MATERIAL WEIGHT (IF APPLICABLE): N/A POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: 620 POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
103.3 LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = 1.05 CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 + NET 
MATERIAL WEIGHT) = 100 % 
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TEST #: T5 

TEST DESCRIPTION: S1 udge breakup and conveyance, 

EQUIPMENT CONFIGURATION: XT1100, hydraul ic  jackhammer, suc t ion  head and 
suc t ion  system. 

TEST MATERIAL: Sal tcake  3 ,  1500 psi  compressive. 

TEST TUB: L4 

DATE: Apri l  10, 1996 

TEST MANAGER: Jim Ridgely 

no s l u r r y  

PRETEST CHECKLIST: 
Pre-Test Checkout: Vehicle and Tools 
A. Check a l l  hydraul ic  and e l e c t r i c a l  connections a t  the vehicli? and HPU. 

(Complete) 
B .  S t a r t  HPU and br ing t o  operat ing temperature .  (Complete) 
C .  Check v e h i c l e  d r i v e  func t ions .  (Complete) 
D .  Check l i f t  arm funct ion .  (Complete) 
E .  Check jackhammer func t ion .  (Complete) 
F. Check suc t ion  system funct ion .  (Suct ion was not mounted on tlhe vehic le )  

Pre-Test Checkout: Data Loqainq 
A. Stop H P U .  (Complete) 
B. S t a r t  and i n i t i a l i z e  d a t a  logger .  (Complete) 
C .  Read shor ted  input  channel on A / D  conver te r .  (Complete) 
D .  Read re ference  input  channel on A / D  conver te r .  (Complete) 
E .  Read accelerometer  output  with a l l  equipment o f f .  (Complete) 
F. S t a r t  HPU. (Complete) 
G .  Lower l i f t  arms t o  bottom of s t roke  and read LVDT sensor .  (C'mplete)  
H .  Raise  l i f t  arms and read LVDT sensor  as  head moves t o  top  of s t r o k e .  

(Complete) 
I .  With l i f t  arms r a i s e d ,  a c t i v a t e  jackhammer, read Pa, Ps, Pr ,  flow, 

accelerometer .  (Complete) 
J .  Stop jackhammer. (Complete) 
K. Stop d a t a  logging,  review d a t a  t o  insure  logging i s  c o r r e c t .  (Complete) 
L .  Check opera t ion  of  t h e  IR thermometer. (Complete) 

EauiDment I n s e r t i o n  
A. L i f t  vehic le  w i t h  gant ry .  (Vehicle worked from f l o o r )  
B .  Move t o  appropr ia te  t u b .  (N/A) 
C .  Lower vehic le  i n t o  t h e  tub .  (N/A) 

Video Eauioment Check 
A .  Pos i t ion  ex terna l  video camera t o  record a c t i o n s  o f  the vehic le  and 

jackhammer, conduct operat ional  check. (Complete) 
B.  Conduct operat ional  check o f  on-board video system. ( N / A )  
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DATA F I L E  NAME: T5-1 & T5 2 & T5 3 See Also T5A 1& T5A 2 
START TIME: 2:09:07; 2:12:$2, 2:17:31, 3:08:48, 5:13:50 
STOP TIME: 2:11:46, 2:17:20, 2:18:34, 3:09:54, 3:14:46 
DURATION I N  MINUTES: 9 Minutes 42 Seconds 
OFFBOARD VIDEO TAPE f: 

OBSERVATIONS AND COMMENTS: 
A. 
8. 
C .  
D .  
E. 
F: Other: 

The XTlOOO cou ld  move on the  sur face o f  t h e  sa l t cake  w i t h  l i t t l e  o r  no 
d i f f i c u l t y .  The jackhammer c o n f i g u r a t i o n  moved t h e  cen te r  o f  g r a v i t y  on t h e  
v e h i c l e  t o  t h e  rea r ,  compared t o  the  scabbler  o r  c u t t e r  head c o n f i g u r a t i o n s ,  
reduc ing  t h e  c l imb ing  a b i l i t y  o f  t he  u n i t .  
s u c c e s s f u l l y  gu ide t h e  v e h i c l e  i n  t h i s  con f igu ra t i on ,  however t h e  d i f f e r e n c e  
i n  CG r e q u i r e d  pressure t o  be app l i ed  t o  t h e  f r o n t  o f  t h e  system when c l imb ing  
a 12" h igh  m a t e r i a l  face. The jackhammer was capable o f  break ing t h e  sa l t cake  
e a s i l y  i n t o  l a r g e  chunks. These pieces, between s i x  and twe lve  inches were 
t o o  l a r g e  f o r  t h e  a i r  conveyance system w i t h  t h e  4" d iameter  hose. Dur ing  the  
e a r l y  p a r t  o f  t h e  t e s t i n g  we experienced leakage i n  t h e  h y d r a u l i c  f i t t i n g s  on 
t h e  jackhammer. Fo l l ow ing  r e p a i r  t h e  t e s t  cont inued w i thou t  f u r t h e r  leakage. 
The 500 p . s . i  pressure t r a n s m i t t e r  was damaged i n  t e s t  T5 1 and, a l though 
repa i red ,  was damaged again du r ing  l a t e r  p a r t s  o f  t he  t e s f .  

Fo l l ow ing  t h e  complet ion o f  t h e  i n i t i a l  t e s t i n g ,  t he  conclus ion was t h a t  
a l though t h e  jackhammer broke the  sa l t cake  e a s i l y ,  o the r  c o n f i g u r a t i o n s  o f  end 
e f f e c t o r  may be more s u i t a b l e  t o  p u l v e r i z i n g  t h e  cake. A m o d i f i e d  t o o l  was 
f a b r i c a t e d  and produced sma l le r  more manageable p ieces (dus t  t o  ;? i nches ) .  I f  
l e f t  i n  one p lace  t o o  long,  t he  t o o l  would f r a c t u r e  t h e  e n t i r e  bed i n t o  l a r g e  
p ieces (1 f o o t  t o  3 f e e t )  NOTE: M a t e r i a l  removal r e s u l t s  were b,ased on 
d i s l o d g i n g  m a t e r i a l  on ly ,  m a t e r i a l  was gathered and weighed by h,and. 

Ease o f  deployment and r e t r i e v a l  
T r a c t i o n  and maneuverab i l i t y  o f  t h e  v e h i c l e  
A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
A b i l i t y  t o  break up o r  d i s lodge  m a t e r i a l  
The p ropens i t y  o f  t h e  system t o  c log,  and ease o f  c l e a r i n g  c logs .  

The operator  was ab le  t o  

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: 74 POUNDS 
CONTAINER GROSS WEIGHT: 560 POUNDS 
WATER VOLUME, ( I F  APPLICABLE): N/A GALLONS 
FILTER MATERIAL WEIGHT (IF APPLICABLE) : POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: !it POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
81 LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = .648 CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(IOO)/ (WATER VOLUME x 62.4 t NET 
MATERIAL WEIGHT) = 100% 
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TEST %: T6 

TEST DESCRIPTION: Sludge breakup and conveyance, no s l u r r y  

EQUIPMENT CONFIGURATION: XT1100, h y d r a u l i c  jackhammer, s u c t i o n  head and 
s u c t i o n  system. 

TEST MATERIAL: Sal tcake 2, 1500 p s i  compressive. 

TEST TUB: R 1  

DATE: A p r i l  10, 1996 

TEST MANAGER: Jim R idge ly  

PRETEST CHECKLIST: 
Pre-Test Checkout: Veh ic le  and Tools 
A. Check a l l  h y d r a u l i c  and e l e c t r i c a l  connections a t  t h e  v e h i c l e  and HPU. 

(Complete) 
B. S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature. (Complete) 
C.  Check v e h i c l e  d r i v e  func t i ons .  (Complete) 
D. Check l i f t  arm f u n c t i o n .  (Complete) 
E. Check jackhammer f u n c t i o n .  (Complete) 
F. Check s u c t i o n  system f u n c t i o n .  (Suct ion was n o t  mounted on t h e  v e h i c l e )  

Pre-Test Checkout: Data Loqqinq 
A .  Stop HPU. (Complete) 
B. S t a r t  and i n i t i a l i z e  data logger .  (Complete) 
C.  Read shor ted i n p u t  channel on A/D conver ter .  (Complete) 
D. Read re fe rence  i n p u t  channel on A/D conver ter .  (Complete) 
E. Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  (Complete) 
F. S t a r t  HPU. (Complete) 
G. Lower l i f t  arms t o  bottom o f  s t r o k e  and read LVDT sensor. (Complete) 
H.  Raise l i f t  arms and read LVDT sensor as head moves t o  t o p  o f  s t roke .  

(Complete) 
I .  With l i f t  arms ra i sed ,  a c t i v a t e  jackhammer, read Pa, Ps, P r ,  f l ow ,  

accelerometer. (Complete) 
J. Stop jackhammer. (Complete) 
K.  Stop data l ogg ing ,  rev iew data t o  i nsu re  l o g g i n g  i s  c o r r e c t .  (Complete) 
L. Check opera t i on  o f  t he  I R  thermometer. (Complete) 

EauiDment I n s e r t i o n  
A .  L i f t  v e h i c l e  w i t h  gan t ry .  (Veh ic le  worked from f l o o r )  
B. Move t o  app rop r ia te  tub.  (N/A) 
C.  Lower v e h i c l e  i n t o  t h e  t u b .  (N/A) 

Video Equipment Check 
A. P o s i t i o n  ex te rna l  v ideo camera t o  reco rd  ac t i ons  o f  t h e  v e h i c l e  and 

B. Conduct ope ra t i ona l  check o f  on-board v ideo system. (N/A) 
jackhammer, conduct ope ra t i ona l  check. (Complete) 
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DATA F I L E  NAME: T6-1 
START TIME: 1:37:44 
STOP TIME: 1:40:30 
DURATION I N  MINUTES: 2 Minutes 46 Seconds 
OFFBOARD VIDEO TAPE X: Summary Tape 0.29.08 

OBSERVATIONS AND COMMENTS: 
A. 
B. 
C.  
D. 
E. 
F: Other: 

The r e s u l t s  i n  t h i s  t e s t  were i d e n t i c a l  t o  t h a t  o f  T-5. Removal e f f i c i e n c i e s  
were determined t o  be comparable and cou ld  n o t  p rov ide  any new s i g n i f i c a n t  
data.  

Ease o f  deployment and r e t r i e v a l  
T r a c t i o n  and maneuverab i l i t y  o f  t he  v e h i c l e  
A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
A b i l i t y  t o  break up o r  d i s lodge  mate r ia l  
The p ropens i t y  o f  t h e  system t o  c log,  and ease o f  c l e a r i n g  c logs .  

Test  T-6 and T-7 were mod i f i ed  accord ing ly .  

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: 
CONTAINER GROSS WEIGHT: 
WATER VOLUME, ( I F  APPLICABLE) : N/A GALLONS 
F ILTER MATERIAL WEIGHT ( I F  APPLICABLE): 
NET MATERIAL OR FILTRATE WEIGHT: 

POUNDS ;{: POUNDS 

POUNDS !(: POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
N/A  LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = N/A CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(IOO)/ (WATER VOLUME x 62.4 t NET 
MATERIAL WEIGHT) = N/A % 
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TEST #: T7 

TEST DESCRIPTION: Sludge breakup and conveyance, no s l u r r y  

EQUIPMENT CONFIGURATION: XT1100, h y d r a u l i c  jackhammer, s u c t i o n  head and 
s u c t i o n  system. 

TEST MATERIAL: Sal tcake 1, 3000 p s i  compressive. 

TEST TUB: R2 

DATE: A p r i l  10, 1996 

TEST MANAGER: Jim R idge ly  

PRETEST CHECKLIST: 
Pre-Test Checkout: Veh ic le  and Tools 
A. Check a l l  h y d r a u l i c  and e l e c t r i c a l  connections a t  t he  v e h i c l e  and HPU. 

(Complete) 
B. S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature. (Complete) 
C.  Check v e h i c l e  d r i v e  func t i ons .  (Complete) 
D. Check l i f t  arm f u n c t i o n .  (Complete) 
E. Check jackhammer f u n c t i o n .  (Complete) 
F. Check s u c t i o n  system f u n c t i o n .  (Suct ion was n o t  mounted on t h e  v e h i c l e )  

Pre-Test Checkout: Data Loaainq 
A. Stop HPU. (Complete) 
B. S t a r t  and i n i t i a l i z e  data logger .  (Complete) 
C.  Read shor ted i n p u t  channel on A /D  conver ter .  (Complete) 
D. Read re fe rence  i n p u t  channel on A/D conver te r .  (Complete) 
E .  Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  (Complete) 
F. S t a r t  HPU. (Complete) 
G. Lower l i f t  arms t o  bottom o f  s t roke  and read LVDT sensor. (Complete) 
H. Raise l i f t  arms and read LVDT sensor as head moves t o  t o p  o f  s t roke .  

(Complete) 
I .  With l i f t  arms ra i sed ,  a c t i v a t e  jackhammer, read Pa, Ps, P r ,  f l ow ,  

accelerometer. (Complete) 
J. Stop jackhammer. (Complete) 
K .  Stop da ta  logging,  rev iew data t o  i nsu re  l ogg ing  i s  c o r r e c t .  (Complete) 
L.  Check opera t i on  o f  t he  I R  thermometer. (No I R  used f o r  t h i s  t e s t )  

EauiDment I n s e r t i o n  
A. L i f t  v e h i c l e  w i t h  gan t ry .  (Veh ic le  worked from f l o o r )  
B. Move t o  app rop r ia te  tub.  (N/A)  
C .  Lower v e h i c l e  i n t o  t h e  tub.  (N/A)  

Video Eauipment Check 
A. P o s i t i o n  ex te rna l  v ideo camera t o  reco rd  ac t i ons  o f  t h e  v e h i c l e  and 

8. Conduct ope ra t i ona l  check o f  on-board v ideo system. 
jackhammer, conduct ope ra t i ona l  check. 

14 
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DATA F I L E  NAME: T7-1 
START TIME: 
STOP TIME: 
DURATION I N  MINUTES: 2 
OFFBOARD VIDEO TAPE X: 

10:04: 59 
10:07:34 

Minutes 35 Seconds 
Summary Tape 0.31.31 

OBSERVATIONS AND COMMENTS: 
A. 
6. 
C.  
D. 
E. 
F:  Other :  

The r e s u l t s  i n  t h i s  t e s t  were i d e n t i c a l  t o  t h a t  o f  T-5. Removal e f f i c i e n c i e s  
were determined t o  be comparable and cou ld  n o t  p rov ide  any new s i g n i f i c a n t  
data.  

Ease o f  deployment and r e t r i e v a l  
T r a c t i o n  and maneuverab i l i t y  o f  t h e  v e h i c l e  
A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
A b i l i t y  t o  break up o r  d i s lodge  m a t e r i a l  
The p ropens i t y  o f  t h e  system t o  c log,  and ease o f  c l e a r i n g  c logs .  

Test  T-6 and T-7 were mod i f i ed  accord ing ly .  

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: N /A  POUNDS 
CONTAINER GROSS WEIGHT: N/A POUNDS 
WATER VOLUME, ( I F  APPLICABLE) : GALLONS 
F ILTER MATERIAL WEIGHT ( I F  APPLICABLE): ;\: POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: N/A POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
N/A LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = N/A CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 t NET 
MATERIAL WEIGHT) = N /A  % 

15 
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A. 
B. 
C .  
0 .  
E. 
F .  
G .  
H .  

I .  

J .  
K. 
L .  

TEST MODIFIED 

TEST #: T8 

TEST DESCRIPTION: Sludge breakup and conveyance, 

EQUIPMENT CONFIGURATION: XT1100, hydraul ic  jackhammer, modified too l  head 

TEST MATERIAL: Hardpan 2 ,  21.8 psi  shear .  

TEST TUB: R4 

DATE: Apri l  8,  1996 

TEST MANAGER: Jim Ridgely 

PRETEST CHECKLIST: 
Pre-Test Checkout: Vehicle and Tools 
A .  Check a l l  hydraul ic  and e l e c t r i c a l  connections a t  t h e  vehic le  and HPU.  

(Complete) 
B. S t a r t  HPU and br ing t o  opera t ing  temperature. (Complete) 
C .  Check vehic le  d r i v e  func t ions .  (Complete) 
0 .  Check l i f t  arm funct ion .  (Complete) 
E. Check jackhammer func t ion .  (Complete) 
F. Check suc t ion  system funct ion .  (Suction was not mounted on tlie vehic le )  

Pre-Test Checkout: Data Loqqinq 
Stoo HPU.  (Comolete) 

no s l u r r y  

S t a r t  and i n i t i a l i z e  d a t a  logger .  (Complete) 
Read shor ted  input  channel on A / D  conver te r .  (Complete) 
Read re ference  input  channel on A / D  conver te r .  (Complete) 
Read accelerometer  output  with a l l  equipment o f f .  (Complete) 
S t a r t  H P U .  (Complete) 
Lower l i f t  arms t o  bottom of  s t r o k e  and read LVDT sensor .  (Complete) 
Raise l i f t  arms and read LVDT sensor  as  head moves t o  top of s t r o k e .  
(Complete) 
With l i f t  arms r a i s e d ,  a c t i v a t e  jackhammer, read Pa, Ps, Pr, f low,  
accelerometer .  (Complete) 
Stop jackhammer. (Complete) 
Stop d a t a  logging,  review d a t a  t o  insure  logging i s  c o r r e c t .  (Complete) 
Check opera t ion  of t h e  IR thermometer. (Complete) 

EquiDment I n s e r t i o n  
A .  L i f t  v e h i c l e  with gant ry .  (Vehicle worked from f l o o r )  
B. Move t o  appropr ia te  tub .  (N/A) 
C .  Lower v e h i c l e  i n t o  t h e  tub .  (N/A) 

Video EauiDment Check 
A .  Pos i t ion  ex terna l  video camera t o  record a c t i o n s  of  t h e  vehic le  and 

jackhammer, conduct operat ional  check. (Complete) 
8 .  Conduct opera t iona l  check of on-board video system. ( N / A )  

16 
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DATA F I L E  NAME: T8-1 
START TIME: 3:58:19 
STOP TIME: 4:00:04 
DURATION I N  MINUTES: 1 Minute 45 Seconds 
OFFBOARD VIDEO TAPE #: 

OBSERVATIONS AND COMMENTS: 
A. Ease o f  deployment and r e t r i e v a l  
B .  T r a c t i o n  and maneuverab i l i t y  o f  t h e  v e h i c l e  
C.  A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
D. A b i l i t y  t o  break up o r  d i s lodge  m a t e r i a l  
E .  The p ropens i t y  o f  t h e  system t o  c log ,  and ease o f  c l e a r i n g  c logs.  
F: Other: 

The XTlOOO v e h i c l e  equipped w i t h  t h e  jackhammer cl imbed e a s i l y  i n t o  t h e  bed o f  
m a t e r i a l .  The con tac t  pressure on t h e  t r a c k s  o f  t he  XTlOOO i s  designed t o  be 
between 5 and 7 p s i  dependant on t h e  equipment be ing mounted on t h e  system. 
U n l i k e  t h e  4.6 p s i  Hardpan 1, t h e  v e h i c l e  was able t o  ma in ta in  adequate 
m o b i l i t y  throughout  t h e  work. l a t e r a l  m o b i l i t y  was much improved and t r a c t i o n  
on Hardpan 2 was much improved. 
p u l v e r i z i n g  head. 
t h e  m a t e r i a l  t o  i t s  hydrated s t a t e .  
from t h e  t e s t  area resembled t h e  i n i t i a l  mix p r i o r  t o  cu r ing .  Th is  would 
i n d i c a t e  t h a t  t h e  t e s t  s imulant  i s  t h i x o t r o p i c  i n  na tu re  and re leases  i t s  
en t ra ined  water when energy i s  i n j e c t e d .  
from t h e  t e s t  bed upon energy i n j e c t i o n  made the  capture o f  removal volumes 
i m p r a c t i c a l .  Th i s  method d i d  n o t  y i e l d  a removal op t i on .  

The j a c k  hammer was con f igu red  w i t h  t h e  
Upon a c t i v a t i o n  the  hammer s t r u c k  the  su r face  and l i q u i f i e d  

Examination o f  t h e  m a t e r i a l  which sprayed 

The manner i n  which m a t e r i a l  sprayed 

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: N/A POUNDS 
CONTAINER GROSS WEIGHT: N/A POUNDS 
WATER VOLUME, ( I F  APPLICABLE): N/A  GALLONS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE): N/A POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: N/A POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
N/A LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = N/A  CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62 .4  + NET 
MATERIAL WEIGHT) = N/A % 

17 
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TEST #: T9 

TEST DESCRIPTION: Sludge breakup and conveyance, no s l u r r y  

EQUIPMENT CONFIGURATION: XT1100, h y d r a u l i c  jackhammer 
TEST MATERIAL: Hardpan 1, 4 . 6  p s i  shear. 

TEST TUB: R3 

DATE: 

TEST MANAGER: 

PRETEST CHECKLIST: 
Pre-Test Checkout: Veh ic le  and Tools 
A. Check a l l  h y d r a u l i c  and e l e c t r i c a l  connections a t  t h e  v e h i c l e  and HPU. 

(Complete) 
B. S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature. (Complete) 
C.  Check v e h i c l e  d r i v e  func t i ons .  (Complete) 
D. Check l i f t  arm f u n c t i o n .  (Complete) 
E. Check jackhammer f u n c t i o n .  (Complete) 
F. Check s u c t i o n  system f u n c t i o n .  (Suct ion was n o t  mounted on t l i e  v e h i c l e )  

Pre-Test Checkout: Data L o w i n g  
A. Stop HPU. (Complete) 
B. S t a r t  and i n i t i a l i z e  data logger .  (Complete) 
C.  Read shor ted i n p u t  channel on A/D conver ter .  (Complete) 
D. Read re fe rence  i n p u t  channel on A /D  conver ter .  (Complete) 
E. Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  (Complete) 
F. S t a r t  HPU. (Complete) 
G. Lower l i f t  arms t o  bottom o f  s t roke  and read LVDT sensor. (C'omplete) 
H. Raise l i f t  arms and read LVDT sensor as head moves t o  t o p  o f  s t roke .  

(Complete) 
I .  With l i f t  arms ra i sed ,  a c t i v a t e  jackhammer, read Pa, Ps, P r ,  f l ow ,  

accelerometer. (Complete) 
J. Stop jackhammer. (Complete) 
K.  Stop da ta  logging,  rev iew data t o  i n s u r e  l ogg ing  i s  c o r r e c t .  (Complete) 
L. Check opera t i on  o f  t h e  I R  thermometer. (Complete) 

Eauioment I n s e r t i o n  
A. L i f t  v e h i c l e  w i t h  gan t ry .  (Veh ic le  worked from f l o o r )  
B. Move t o  app rop r ia te  tub.  (N/A) 
C .  Lower v e h i c l e  i n t o  t h e  tub.  (N/A)  

Video Eauioment Check 
A. P o s i t i o n  ex te rna l  v ideo camera t o  reco rd  ac t i ons  o f  t h e  v e h i c l e  and 

jackhammer, conduct ope ra t i ona l  check. (Complete) 
9 .  Conduct ope ra t i ona l  check o f  on-board v ideo system. (N/A) 
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DATA F I L E  NAME: T9-1 
START TIME: 3:39:58 
STOP TIME: 3:41:22 
DURATION I N  MINUTES: 1 Minute 24 Seconds 
OFFBOARD VIDEO TAPE #: Summary Tape 0.35.31 

OBSERVATIONS AND COMMENTS: 
A. Ease o f  deployment and r e t r i e v a l  
B. T r a c t i o n  and maneuverab i l i t y  o f  t h e  v e h i c l e  
C .  A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
0. A b i l i t y  t o  break up o r  d i s lodge  m a t e r i a l  
E. The p ropens i t y  o f  t h e  system t o  c log,  and ease o f  c l e a r i n g  c' logs. 
F:  Other: 

The XTlOOO v e h i c l e  equipped w i t h  t h e  jackhammer cl imbed e a s i l y  i n t o  t h e  bed o f  
m a t e r i a l .  The con tac t  pressure on the  t r a c k s  o f  t he  XTlOOO i s  designed t o  be 
between 5 and 7 p s i  dependant on t h e  equipment be ing mounted on ,the system. 
The v e h i c l e  moved forward and backward on the  s o f t  sur face b u t  w i t h  each pass 
sunk deeper i n t o  the  sur face.  La te ra l  m o b i l i t y  was l i m i t e d  due ,to t h e  l ow  
shear pressure.  The opera to r  l o s t  t r a c t i o n  and m o b i l i t y  45 seconds i n t o  t h e  
t e s t  when t h e  cen te r  p l a t e  o f  t he  v e h i c l e  came i n  con tac t  w i t h  t h e  su r face  and 
stopped t h e  v e h i c l e  from s i n k i n g  f u r t h e r  t o  t h e  bottom. The j a c k  hammer was 
con f igu red  w i t h  t h e  p u l v e r i z i n g  head. Upon a c t i v a t i o n  t h e  hammer s t r u c k  the  
su r face  and l i q u i f i e d  t h e  ma te r ia l  t o  i t s  hydrated s t a t e .  
m a t e r i a l  which sprayed from t h e  t e s t  area resembled the  i n i t i a l  mix p r i o r  t o  
c u r i n g .  Th is  would i n d i c a t e  t h a t  t he  t e s t  s imulant  i s  t h i x o t r o p i c  i n  na tu re  
and re leases  i t s  en t ra ined  water when energy i s  i n j e c t e d .  

Examination o f  t h e  

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: N/A  POUNDS 
CONTAINER GROSS WEIGHT: POUNDS 
WATER VOLUME, ( I F  APPLICABLE) : !{: GALLONS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE): N/A POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: N/A POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
N/A LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = N/A CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME X 62.4 t NET 
MATERIAL WEIGHT) = N/A  X 
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TEST DELETED 

TEST #: T10 

TEST DESCRIPTION: Sludge breakup and conveyance, no s l u r r y  

EQUIPMENT CONFIGURATION: XT1100, Scabbler, s u c t i o n  head and s u c t i o n  system. 

TEST MATERIAL: Sal tcake 5 ,  1 . 5  p s i  compressive. 

TEST TUB: L1 

DATE: 

TEST MANAGER: 

PRETEST CHECKLIST: 
Pre-Test Checkout: Veh ic le  and Tools 
A .  Check a l l  h y d r a u l i c  and e l e c t r i c a l  connections a t  t h e  v e h i c l e  and HPU. 
B. 
C .  Check v e h i c l e  d r i v e  func t i ons .  
D. Check l i f t  arm f u n c t i o n .  
E. Check scabbler  f u n c t i o n .  
F. Check s u c t i o n  system f u n c t i o n .  

S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature. 

Pre-Test Checkout: Data Loqqinq 
A .  Stop HPU. 
B. S t a r t  and i n i t i a l i z e  data logger .  
C .  Read shor ted i n p u t  channel on A/D conver ter .  
D. Read re fe rence  i n p u t  channel on A/D conver ter .  
E. Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  
F. S t a r t  HPU. 
G. Lower l i f t  arms t o  bottom o f  s t r o k e  and read LVDT sensor. 
H. Raise l i f t  arms and read LVDT sensor as head moves t o  t o p  o f  s t roke .  
I .  With l i f t  arms ra i sed ,  a c t i v a t e  scabbler ,  read Pa, Vs, I s ,  accelerometer .  
J. Stop scabb le r .  
K. Stop da ta  logging,  rev iew data t o  i nsu re  l ogg ing  i s  c o r r e c t .  
L. Check opera t i on  o f  t h e  I R  thermometer. 

Equipment I n s e r t i o n  
A .  L i f t  v e h i c l e  w i t h  gan t ry .  
B. Move t o  app rop r ia te  t u b .  
C.  Lower v e h i c l e  i n t o  t h e  tub.  

Video EauiDment Check 
A .  P o s i t i o n  e x t e r n a l  v ideo camera t o  reco rd  ac t i ons  o f  t h e  v e h i c l e  and 

B. Conduct ope ra t i ona l  check o f  on-board v ideo system. 
scabbler ,  conduct ope ra t i ona l  check. 
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DATA F I L E  NAME: 
START TIME: 
STOP TIME: 
DURATION I N  MINUTES: 
ONBOARD VIDEO TAPE #: 
OFFBOARD VIDEO TAPE #: 

OBSERVATIONS AND COMMENTS: 
A. 
B. 
C. 
D. 
E. 
F: Other: 

Ease o f  deployment and r e t r i e v a l  
T r a c t i o n  and maneuverab i l i t y  o f  t he  v e h i c l e  
A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
A b i l i t y  t o  break up o r  d i s lodge  mate r ia l  
The p ropens i t y  o f  t h e  system t o  c log,  and ease o f  c l e a r i n g  c logs .  

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: POUNDS 
CONTAINER GROSS WEIGHT: POUNDS 
WATER VOLUME, ( I F  APPLICABLE): GALLONS 
F ILTER MATERIAL WEIGHT ( I F  APPLICABLE): POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 + NET 
MATERIAL WEIGHT) = x 

21 



WHC-SD-WM-TD-011, Rev. 0 

JEST DELETED 

NOTE: The 8 p s i  sa l t cake  was removed us ing  t h e  r o t a t i n g  c u t t e r  and was n o t  
determined t o  p rov ide  a s i g n i f i c a n t  t e c h n i c a l  chal lenge t o  o t h e r  
ma te r i  a1 d i s l o d g i n g  methods. 

TEST #: TI1 

TEST DESCRIPTION: Sludge breakup and conveyance, no s l u r r y  

EQUIPMENT CONFIGURATION: XT1100, Scabbler, suc t i on  head and s u c t i o n  system. 

TEST RATERIAL: Sal tcake 4, 8 p s i  compressive. 

TEST TUB: L2 

DATE: 

TEST MANAGER: 

PRETEST CHECKLIST: 
Pre-Test Checkout: Veh ic le  and Tools 
A. Check a l l  h v d r a u l i c  and e l e c t r i c a l  connections a t  t he  v e h i c l e  and HPU. 
B. 
C .  Check v e h i c l e  d r i v e  func t i ons .  
D. Check l i f t  arm f u n c t i o n .  
E. Check scabbler  f u n c t i o n .  
F. Check s u c t i o n  system f u n c t i o n .  

Pre-Test Checkout: Data Loooinq 
A. Stop HPU. 
B. 
C .  Read sho r ted  i n p u t  channel on A/D conver ter .  
D. Read re fe rence  i n p u t  channel on A/D conver ter .  
E. Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  
F. S t a r t  HPU. 
G. Lower l i f t  arms t o  bottom o f  s t roke  and read LVDT sensor. 
H. Raise l i f t  arms and read LVDT sensor as head moves t o  t o p  o f  s t roke .  
I .  With l i f t  arms ra i sed ,  a c t i v a t e  scabbler, read Pa, Vs, Is, accelerometer 
J .  Stop scabbler .  
K. Stop data l ogg ing ,  rev iew  data t o  i nsu re  l ogg ing  i s  c o r r e c t .  
L. 

S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature. 

S t a r t  and i n i t i a l i z e  data logger .  

Check opera t i on  o f  t h e  I R  thermometer. 

Eauioment I n s e r t i o n  
A. L i f t  v e h i c l e  w i t h  gan t ry .  
B. Move t o  app rop r ia te  tub .  
C.  Lower v e h i c l e  i n t o  t h e  tub.  

Video Eouioment Check 
A .  P o s i t i o n  ex te rna l  v ideo camera t o  reco rd  ac t i ons  o f  t h e  v e h i c l e  and 

B. Conduct ope ra t i ona l  check o f  on-board v ideo system. 
scabbler ,  conduct ope ra t i ona l  check. 
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- . . . . . . . - . 
STOP TIML. 
DURATION I N  MINUTES: 
ONBOARD VIDEO TAPE #: 

OBSERVATIONS AND COMMENTS: 
A. 
8.  
C.  
D. 
E .  
F :  Other :  

Ease o f  deployment and r e t r i e v a l  
T r a c t i o n  and maneuverab i l i t y  o f  t h e  v e h i c l e  
A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
A b i l i t y  t o  break up o r  d i s lodge  m a t e r i a l  
The p ropens i t y  o f  t h e  system t o  c log ,  and ease o f  c l e a r i n g  c logs .  

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: POUNDS 
CONTAINER GROSS WEIGHT: POUNDS 
WATER VOLUME, ( I F  APPLICABLE): GALLONS 
F ILTER MATERIAL WEIGHT ( I F  APPLICABLE): POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 6 2 . 4  +'NET 
MATERIAL WEIGHT) = % 
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TEST #: T12 

TEST DESCRIPTION: Sludge breakup and conveyance, no s l u r r y  

EQUIPMENT CONFIGURATION: XT1100, Scabbler ,  suc t ion  head and suc t ion  system. 

TEST MATERIAL: Sal tcake  3,  1500 psi compressive. 

TEST TUB: L4 

DATE: Apri l  11, 1996 

TEST MANAGER: Jim Ridgely 

PRETEST CHECKLIST: 
Pre-Test Checkout: Vehicle and Tools 
A .  Check a l l  hydraul ic  and e l e c t r i c a l  connections a t  t h e  vehic le  and H P U .  

(Complete) 
8. S t a r t  HPU and br ing t o  operat ing temperature .  (Complete) 
C .  Check vehic le  d r i v e  func t ions .  (Complete) 
D .  Check l i f t  arm funct ion .  (Complete) 
E .  Check scabbler  func t ion .  (Complete) 
F. Check suc t ion  system funct ion .  (Complete)) 

Pre-Test Checkout: Data Loaainq 
A .  Stop HPU. (Complete) 
B .  S t a r t  and i n i t i a l i z e  d a t a  logger .  (Complete) 
C .  Read shor ted  input  channel on A / D  conver te r .  (Complete) 
D .  Read re ference  input  channel on A / D  conver te r .  (Complete) 
E .  Read accelerometer  output  with a l l  equipment o f f .  (Complete) 
F.  S t a r t  HPU. (Complete) 
G .  Lower l i f t  arms t o  bottom of s t roke  and read LVDT sensor .  (Complete) 
H .  Raise  l i f t  arms and read LVDT sensor  as  head moves t o  top  o f  s t r o k e .  

(Complete) 
I .  With l i f t  arms r a i s e d ,  a c t i v a t e  scabbler ,  read Pa, Ps, Pr, f low,  

accelerometer .  (Complete) 
J .  Stop Scabbler .  (Complete) 
K. Stop d a t a  logging,  review d a t a  t o  insure  logging i s  c o r r e c t .  (Complete) 
L .  Check opera t ion  of  t h e  IR thermometer. (Complete) 

EauiDment I n s e r t i o n  
A.  L i f t  v e h i c l e  with gant ry .  (Vehicle worked from f l o o r )  
B. Move t o  appropr ia te  tub .  (N/A) 
C .  Lower vehic le  i n t o  t h e  tub .  (N/A) 

Video EauiDment Check 
A .  Pos i t ion  ex terna l  video camera t o  record ac t ions  of t h e  vehic le  and 

B.  Conduct opera t iona l  check of  on-board video system. (N/A) , 

jackhammer, conduct operat ional  check. (Complete) 
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DATA F I L E  NAME: 
START TIME: 1 :47:21, 2:Ol: 11 
STOP TIME: 1:50:28, 2:03:44 
DURATION I N  MINUTES: 5 Minutes 40 Seconds 
OFFBOARD VIDEO TAPE X: 

OBSERVATIONS AND COMMENTS: 
A. 
6. 
C .  
0. 
E .  
F: Other: 

T12-1 & T12 2 

Ease of deployment and retrieval 
Traction and maneuverability of the vehicle 
Ability of the operator to observe and guide operation 
Ability to break up or dislodge material 
The propensity of the system to clog, and ease of clearing clogs. 

This configuration of the vehicle created the opposite effect from that of the 
jackhammer. 
because of the weight of the scabbler system, impacting the function of the 
tracks. The vehicle approached the saltcake bed with the lift arms in the up 
position. The tracks continued to work indicating ample torque, however, the 
salt cake could not provide enough shear strength to lift the additional 
weight before breaking apart. Thus the vehicle would start to climb onto the 
bed but then the cake would shear and the vehicle would fall back down. The 
operator was capable of guiding the vehicle and performing operations. 
However, the scabbler shroud configuration made observation of the work in 
progress difficult. 
and provided good interface with the air conveyance system. 
again hindered the scabbler from attacking the saltcake surface more 
aggressively. The scabbler blade surface heated from 71 degrees at the 
beginning of test file T12-1 to 79 degrees at the end of the file. The first 
portion of the testing was shortened by an overload of the electipic motor and 
a thermal shutdown. The second test file T12 2 began at 78 degrees and 
finished at 91 degrees with a motor case temperature of 133 degrees. 

The center of gravity on the vehicle was shifted fa)* forward 

The scabbler head broke the saltcake into a fine powder 
The shroud once 

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: 94 POUNDS 
CONTAINER GROSS WEIGHT: 142 POUNDS 
WATER VOLUME, ( I F  APPLICABLE) : N/A GALLONS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE) : POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: Nii POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
12 LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = .96 CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 i NET 
MATERIAL WEIGHT) = 100% 
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TEST #: T13 

TEST DESCRIPTION: Sludge breakup and conveyance, 

EQUIPMENT CONFIGURATION: XT1100, Scabbler, s u c t i o n  head and s u c t i o n  system. 

TEST MATERIAL: Sal tcake 2 ,  1500 p s i  compressive. 

TEST TUB: R 1  

DATE: A p r i l  11, 1996 

TEST MANAGER: Jim R idge ly  

PRETEST CHECKLIST: 
Pre-Test Checkout: Veh ic le  and Tools 
A .  Check a l l  h y d r a u l i c  and e l e c t r i c a l  connections a t  t h e  vehiclse and HPU. 

8. S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature. (Complete) 
C.  Check v e h i c l e  d r i v e  func t i ons .  (Complete) 
D. Check l i f t  arm f u n c t i o n .  (Complete) 
E .  Check scabbler  f u n c t i o n .  (Complete) 
F .  Check s u c t i o n  system func t i on .  (Complete)) 

no s l u r r y  

(Complete) 

Pre-Test Checkout: Data Loqqinq 
A. Stop HPU. (Complete) 
B. S t a r t  and i n i t i a l i z e  data l ogger .  (Complete) 
C.  Read sho r ted  i n p u t  channel on A /D  conver ter .  (Complete) 
D. Read re fe rence  i n p u t  channel on A/D conver te r .  (Complete) 
E. Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  (Complete) 
F. S t a r t  HPU. (Complete) 
G. Lower l i f t  arms t o  bottom o f  s t roke  and read LVDT sensor. (Complete) 
H. Raise l i f t  arms and read LVDT sensor as head moves t o  t o p  o f  s t roke .  

(Complete) 
I .  With l i f t  arms ra i sed ,  a c t i v a t e  scabbler, read Pa, Ps, P r ,  f l ow ,  

accelerometer. (Complete) 
J. Stop Scabbler. (Complete) 
K.  Stop data l ogg ing ,  rev iew data t o  i n s u r e  l o g g i n g  i s  c o r r e c t .  (Complete) 
L .  Check opera t i on  o f  t h e  I R  thermometer. (Complete) 

EouiDment I n s e r t i o n  
A. L i f t  v e h i c l e  w i t h  gan t ry .  (Veh ic le  worked from f l o o r )  
B. Move t o  app rop r ia te  tub .  (N/A) 
C.  Lower v e h i c l e  i n t o  t h e  tub.  (N/A) 

Video Equipment Check 
A .  P o s i t i o n  e x t e r n a l  v ideo  camera t o  reco rd  ac t i ons  o f  t h e  v e h i c l e  and 

jackhammer, conduct ope ra t i ona l  check. (Complete) 
B. Conduct ope ra t i ona l  check o f  on-board v ideo system. (N/A) 
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DATA F I L E  NAME: TI3  1& T13 2 & T13 3 
START TIME: 1702: 28,-1: 07: 48; 1 : 10: 00 
STOP TIME: 1:07:46, 1:09:56, 1:12:10 
DURATION I N  MINUTES: 9 Minutes 36 Seconds 
OFFBOARD VIDEO TAPE #: 

OBSERVATIONS AND COMMENTS: 
A. Ease o f  deployment and r e t r i e v a l  
B. T r a c t i o n  and maneuverab i l i t y  o f  t h e  v e h i c l e  
C.  A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
D. A b i l i t y  t o  break up o r  d i s lodge  m a t e r i a l  
E. The p ropens i t y  o f  t h e  system t o  c log ,  and ease o f  c l e a r i n g  c logs .  
F: Other: 

Th i s  c o n f i g u r a t i o n  o f  t h e  v e h i c l e  created the  oppos i te  e f f e c t  from t h a t  o f  t h e  
jackhammer. The cen te r  o f  g r a v i t y  on t h e  v e h i c l e  was s h i f t e d  far. f o rward  
because o f  t h e  weight  o f  t h e  scabbler  system, impact ing the  f u n c t i o n  o f  t h e  
t r a c k s .  The v e h i c l e  was d r i v e n  on top  o f  t h e  sa l t cake  t o  begin t h e  t e s t .  The 
opera to r  was capable o f  g u i d i n g  the  v e h i c l e  and per forming operat, ions however 
t h e  scabbler  shroud c o n f i g u r a t i o n  made observat ion o f  t h e  work i n  progress 
d i f f i c u l t .  The scabbler  head broke t h e  sa l t cake  i n t o  a f i n e  powder and 
prov ided good i n t e r f a c e  w i t h  the  a i r  conveyance system. Dur ing t h i s  t e s t  t h e  
opera t i ona l  p a t t e r n  was d i f f e r e n t  from TEST 12, t h e  Scabbler worked f rom t h e  
f l a t  su r face  on the  top  o f  t he  s a l t  cake as opposed t o  a t t a c k i n g  t h e  face  o f  
t h e  cake as i n  T-12. 
t o  1/4" removal pe r  pass. The scabbler  b lade sur face heated from 71 degrees 
a t  t h e  beginning o f  t e s t  f i l e  T13-1 t o  73 degrees a t  t h e  end o f  t h e  f i l e  
T13-3. 

The shroud once presented d i f f i c u l t y ,  enab l i ng  o n l y  1/8" 

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: 111 POUNDS 
CONTAINER GROSS WEIGHT: 125 POUNDS 
WATER VOLUME, ( I F  APPLICABLE) : 0 GALLONS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE) : 0 POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: 14 POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
2.8 LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = .0224 CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 t NET 
MATERIAL WEIGHT) = loo"/. 
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TEST #: TI4 

TEST DESCRIPTION: Sludge breakup and conveyance, no s l u r r y  

EQUIPMENT CONFIGURATION: XT1100, Scabbler, s u c t i o n  head and s u c t i o n  system. 

TEST MATERIAL: Sal tcake 1, 3000 p s i  compressive. 

TEST TUB: R2 

DATE: A p r i l  11, 1996 

TEST MANAGER: Jim R idge ly  

PRETEST CHECKLIST: 
Pre-Test Checkout: Veh ic le  and Tools 
A. Check a l l  h y d r a u l i c  and e l e c t r i c a l  connections a t  t h e  v e h i c l e  and HPU. 

(Complete) 
B. S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature. (Complete) 
C.  Check v e h i c l e  d r i v e  func t i ons .  (Complete) 
D. Check l i f t  arm f u n c t i o n .  (Complete) 
E. Check scabbler  f u n c t i o n .  (Complete) 
F .  Check s u c t i o n  system f u n c t i o n .  (Complete)) 

Pre-Test Checkout: Data Loaainq 
A. Stop HPU. (Complete) 
B. S t a r t  and i n i t i a l i z e  da ta  logger .  (Complete) 
C.  Read sho r ted  i n p u t  channel on AID conver ter .  (Complete) 
D. Read re fe rence  i n p u t  channel on A I D  conver ter .  (Complete) 
E. Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  (Complete) 
F .  S t a r t  HPU. (Complete) 
G. Lower l i f t  arms t o  bottom o f  s t roke  and read LVDT sensor. (Complete) 
H. Raise l i f t  arms and read LVDT sensor as head moves t o  t o p  o f  s t roke .  

(Complete) 
I .  With l i f t  arms ra i sed ,  a c t i v a t e  scabbler, read Pa, Ps, P r ,  f'low, 

accelerometer. (Complete) 
J. Stop Scabbler. (Complete) 
K.  Stop data l ogg ing ,  rev iew data t o  i n s u r e  l o g g i n g  i s  c o r r e c t .  (Complete) 
L. Check opera t i on  o f  t he  I R  thermometer. (Complete) 

Eouioment I n s e r t i o n  
A. L i f t  v e h i c l e  w i t h  gan t ry .  (Vehic le  worked from f l o o r )  
B. Move t o  app rop r ia te  tub.  (N/A)  
C .  Lower v e h i c l e  i n t o  t h e  tub.  (N/A)  

Video Eauioment Check 
A. P o s i t i o n  ex te rna l  v ideo camera t o  reco rd  ac t i ons  o f  t h e  v e h i c l e  and 

B. Conduct ope ra t i ona l  check o f  on-board v ideo system. (N/A)  
jackhammer, conduct ope ra t i ona l  check. (Complete) 
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DATA F I L E  NAME: T I 4  I &  TI4  2 & T14 3 

STOP TIME: 11:08:44, 11:11:08, 11:13:24 
DURATION I N  MINUTES: 8 Minutes 01 Second 
OFFBOARD VIDEO TAPE #: 

OBSERVATIONS AND COMMENTS: 
A. Ease o f  deployment and r e t r i e v a l  
B. T r a c t i o n  and maneuverab i l i t y  o f  t h e  v e h i c l e  
C.  A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
D. A b i l i t y  t o  break up o r  d i s lodge  m a t e r i a l  
E. The p ropens i t y  o f  t h e  system t o  c log,  and ease o f  c l e a r i n g  c logs .  
F: Other: 

Th i s  c o n f i g u r a t i o n  o f  t h e  v e h i c l e  created t h e  oppos i te  C / G  e f f e c t  from t h a t  o f  
t h e  jackhammer. The cen te r  o f  g r a v i t y  on the  v e h i c l e  was s h i f t e d  f a r  forward 
because o f  t h e  weight  o f  t h e  scabbler  system, impact ing t h e  f u n c t i o n  o f  t h e  
t r a c k s .  The v e h i c l e  approached the  sa l t cake  bed w i t h  t h e  l i f t  arms i n  t h e  up 
p o s i t i o n .  The t r a c k s  cont inued t o  work i n d i c a t i n g  ample to rque  liowever t h e  
s a l t  cake cou ld  n o t  p rov ide  enough shear s t reng th  t o  l i f t  the  a d d i t i o n a l  
weight  be fo re  break ing a p a r t .  Thus the  v e h i c l e  would s t a r t  t o  c l i m b  onto t h e  
bed b u t  t hen  t h e  cake would shear and t h e  v e h i c l e  would f a l l  baclk down. The 
opera to r  was capable o f  gu id ing  the  v e h i c l e  and per forming opera t i ons  however 
the  shroud c o n f i g u r a t i o n  made observat ion o f  t he  work i n  progress d i f f i c u l t .  
The Scabbler  head broke t h e  sa l t cake  i n t o  a f i n e  powder and p rov ided  good 
i n t e r f a c e  w i t h  the  a i r  conveyance system. The shroud once again prevented t h e  
scabbler  from a t t a c k i n g  the  sa l t cake  sur face more aggress ive ly .  
b lade su r face  heated from 76 degrees a t  t he  beginning o f  t e s t  f i l e  T I4  1 t o  83 
degrees a t  t h e  end o f  t he  f i l e  T14 3. 
a l so  o f  note.  
= 1.505 Vrms (2.13 Peak). 

START TIME: i i :  0 5  :os; 11 : 08:35, 11 : 11 : 12 

The scabbler  

The vo l tage  draw o f  t h e  SI-abbleF was 
The Breakout Box = T80 Vrms (678.8 Peak) Output Scal ing Board 

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: 79 POUNDS 
CONTAINER GROSS WEIGHT: 111 POUNDS 
WATER VOLUME, ( I F  APPLICABLE): 0 GALLONS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE): 0 POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: 32 POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 

6 .4  LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = .0512 CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 t NE1 
MATERIAL WEIGHT) = 100% 
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TEST DELETED 

TEST #: T15 

TEST DESCRIPTION: S1 udge breakup and conveyance, no s l u r r y  

EQUIPMENT CONFIGURATION: XT1100, Scabbler, s u c t i o n  head and s u c t i o n  system. 

TEST MATERIAL: Hardpan 2, 21.8 p s i  shear. 

TEST TUB: R4 

DATE: 

TEST MANAGER: 

PRETEST CHECKLIST: 
Pre-Test Checkout: Veh ic le  and Tools 
A.  
B. 
C .  Check v e h i c l e  d r i v e  func t i ons .  
D. Check l i f t  arm f u n c t i o n .  
E. Check scabbler  f u n c t i o n .  
F .  Check s u c t i o n  system f u n c t i o n .  

Check a l l  h y d r a u l i c  and e l e c t r i c a l  connections a t  t h e  v e h i c l e  and HPU. 
S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature. 

Pre-Test Checkout: Data Losqinq 
A. Stop HPU. 
B. S t a r t  and i n i t i a l i z e  data logger .  
C .  Read shor ted i n p u t  channel on A/D conver ter .  
D. Read re fe rence  i n p u t  channel on A/D conver ter .  
E. Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  
F. S t a r t  HPU. 
G. Lower l i f t  arms t o  bottom o f  s t r o k e  and read LVDT sensor. 
H. Raise l i f t  arms and read LVDT sensor as head moves t o  top  o f  s t roke .  
I .  With l i f t  arms ra i sed ,  a c t i v a t e  scabbler, read Pa, V s ,  Is, accelerometer. 

Stop scabbler .  
K.  Stop da ta  l ogg ing ,  rev iew data t o  i nsu re  l ogg ing  i s  c o r r e c t .  
L. Check opera t i on  o f  t he  I R  thermometer. 

Eauioment I n s e r t i o n  
A. L i f t  v e h i c l e  w i t h  gan t ry .  
8. Move t o  app rop r ia te  tub.  
C. Lower v e h i c l e  i n t o  t h e  t u b .  

Video Eauioment Check 
A. P o s i t i o n  ex te rna l  v ideo camera t o  reco rd  ac t i ons  o f  t h e  v e h i c l e  and 

jackhammer scabbler, conduct ope ra t i ona l  check. 
8. Conduct ope ra t i ona l  check o f  on-board v ideo system. 
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DATA F I L E  NAME: 
START TIME: 
STOP TIME: - 
DURATION I N  M N * 
ONBOARD v IDEO ' T E i  : 
OFFBOARD VIDEO TAPE #: 

OBSERVATIONS AND COMMENTS: 
A. 
6.  
C.  
D. 
E. 
F: Other :  

Ease o f  deployment and r e t r i e v a l  
T r a c t i o n  and maneuverab i l i t y  of t he  v e h i c l e  
A b i l i t y  of t h e  opera to r  t o  observe and guide opera t i on  
A b i l i t y  t o  break up o r  d i s lodge  mate r ia l  
The p ropens i t y  of  t h e  system t o  c log ,  and ease o f  c l e a r i n g  c logs .  

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: POUNDS 
CONTAINER GROSS WEIGHT: POUNDS 
WATER VOLUME, ( I F  APPLICABLE) : GALLONS 
F ILTER MATERIAL WEIGHT ( I F  APPLICABLE): POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 + NET 
MATERIAL WEIGHT) = % 
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TEST DELETED 

TEST #: T16 

TEST DESCRIPTION: Sludge breakup and conveyance, no s l u r r y  

EQUIPMENT CONFIGURATION: XT1100, Scabbler, s u c t i o n  head and suct. ion system. 

TEST MATERIAL: Hardpan 1, 4 . 6  p s i  shear. 

TEST TUB: R3 

DATE: 

TEST MANAGER: 

PRETEST CHECKLIST: 
Pre-Test Checkout: Veh ic le  and Tools 
A.  
B. 

Check a l l  h y d r a u l i c  and e l e c t r i c a l  connections a t  t h e  v e h i c l e  and HPU 
S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature. 

C.  Check v e h i c l e  d r i v e  func t i ons .  
D. Check l i f t  arm f u n c t i o n .  
E .  Check scabbler  f u n c t i o n .  
F .  Check s u c t i o n  system f u n c t i o n .  

Pre-Test Checkout: Data Loaainq 
A. Stop HPU. 
B. S t a r t  and i n i t i a l i z e  da ta  logger .  
C .  Read shor ted i n p u t  channel on A/D conver te r .  
D. Read re fe rence  i n p u t  channel on A/D conver ter .  
E. Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  
F. S t a r t  HPU. 
G.  Lower l i f t  arms t o  bottom o f  s t roke  and read LVDT sensor. 
H. Raise l i f t  arms and read LVDT sensor as head moves t o  t o p  o f  s t roke .  
I .  With l i f t  arms ra i sed ,  a c t i v a t e  scabbler, read Pa, Vs, Is ,  accelerometer. 

Stop scabbler .  
Stop data l ogg ing ,  rev iew data t o  i nsu re  l ogg ing  i s  c o r r e c t .  
Check opera t i on  o f  t h e  I R  thermometer. 

K.  
L. 

EauiDment I n s e r t i o n  
A .  L i f t  v e h i c l e  w i t h  gan t ry .  
B. Move t o  app rop r ia te  t u b .  
C.  Lower v e h i c l e  i n t o  t h e  tub.  

Video EauiDment Check 
A. P o s i t i o n  e x t e r n a l  v ideo camera t o  reco rd  ac t i ons  o f  t h e  v e h i c l e  and 

scabbler ,  conduct ope ra t i ona l  check. 
B. Conduct ope ra t i ona l  check o f  on-board v ideo system. 
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DATA F I L E  NAME: 
START TIME: 
STOP TIME: 
DURATION I N  MINUTES: 
ONBOARD VIDEO TAPE #: 
OFFBOARD VIDEO TAPE #: 

OBSERVATIONS AND COMMENTS: 
A. 
6. 
C.  
0. 
E .  
F: Other: 

Ease o f  deployment and r e t r i e v a l  
T r a c t i o n  and maneuverab i l i t y  o f  t h e  v e h i c l e  
A b i l i t y  of t h e  opera to r  t o  observe and guide opera t i on  
A b i l i t y  t o  break up o r  d i s lodge  m a t e r i a l  
The p ropens i t y  of t h e  system t o  c log,  and ease of c l e a r i n g  cllogs. 

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: POUNDS 
CONTAINER GROSS WEIGHT: POUNDS 
WATER VOLUME, ( I F  APPLICABLE): GALLONS 
F ILTER MATERIAL WEIGHT ( I F  APPLICABLE): POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
LBS/MIN 

NET WEIGHT/(DURATION x DENSITY) = - CU.FT./MIN 
MATERIAL VOLUME REMOVAL RATE = 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62 .4  t NET 
MATERIAL WEIGHT) = % 
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TEST #: T17 

TEST DESCRIPTION: Sludge breakup and conveyance, no slurry 

EQUIPMENT CONFIGURATION: XT1100, Rotating Cutter Head and suction system. 

TEST MATERIAL: Hardpan 1, 4.6 psi shear. 

TEST TUB: R3 

DATE: April 17, 1996 

TEST MANAGER: Jim Ridgely 

A. 

B.  
C. 
0. 
E. 
F. 

PRETEST CHECKLIST: 
Pre-Test Checkout: Vehicle and Tools 

Check all hvdraulic and electrical connections at the vehicle and HPU. 
(Complete) 
Start HPU and bring t o  operating temperature. (Complete) 
Check vehicle drive functions.(Complete) 
Check lift arm function.(Complete) 
Check cutter head function.(Complete) 
Check suction system function.(Complete) 

Pre-Test Checkout: Data Loqsinq 
A. Stop HPU.(Complete) 
B. Start and initialize data logger. (Complete) 
C. Read shorted input channel on A/D converter. (Complete) 
D. Read reference input channel on A/D converter. (Complete) 
E. Read accelerometer output with all equipment off. (Complete) 
F.  Start HPU. (Complete) 
G. Lower lift arms t o  bottom of stroke and read LVDT sensor. (Complete) 
H. Raise lift arms and read LVDT sensor as head moves t o  top o f  stroke. 

(Complete) 
I. With lift arms raised, activate cutter head, read Pa, Ps, Pr, flow, 

accelerometer 
J. Stop cutter head. (Complete) 
K. Stop data logging, review data to insure logging is correct. (Complete) 
L. Check operation o f  the IR thermometer. (No I/R Thermometer used for this 

test) 

EauiDment Insertion 
A. Remove end form from tub. (Complete) 
B. Position ramp. (No ramp used) 
C. Drive vehicle into appropriate tub. (Complete) 

Video Eauioment Check 
A. Position external video camera t o  record actions of the vehicle and cutter 

head, conduct operational check. (Complete) 
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DATA F I L E  NAME: T17 N.B IN  

STOP TIME: 11:28:02, 11:30:14, 11:31:48, 11:36:12, 11:38:22 
DURATION I N  MINUTES: 10 Minutes 01 Seconds 
OFFBOARD VIDEO TAPE #: 

START TIME: ii: 24: 25, 11 : 28 :ob, 11 : 30: 17, 11 :35: 02, 11 : 36:37 

OBSERVATIONS AND COMMENTS: 
A. 
B. 
C .  
D. 
E .  
F: Other: 

Th i s  m a t e r i a l  has t h e  consis tency o f  semi-hardened c l a y  and acco rd ing l y  
p rov ided  m o b i l i t y  d u r i n g  e a r l i e r  t e s t s .  
m a t e r i a l  w i t h  l i t t l e  e f f o r t .  
and was min imized t o  s imu la te  ac tua l  f i e l d  operat ions.  
were added t o  t h e  m i x t u r e  du r ing  i n i t i a l  energy i n j e c t i o n .  
system was tu rned  on and i n i t i a l l y  t r a n s f e r r e d  ma te r ia l  e f f e c t i v e l y .  A f t e r  
t h r e e  minutes o f  t r a n s f e r  t h e  hose began t o  d i s p l a y  s i g n i f i c a n t  s igns  o f  
i n t e r n a l  bu i l dup .  A f t e r  f i v e  minutes t h e  hose clogged. Wi th the  a i r  
conveyance runn ing  t h e  hose was even tua l l y  c lea red  manually by p i c k i n g  up and 
dropping t h e  hose, s t i m u l a t i n g  the  sludge t o  move. Fo l l ow ing  water  i n j e c t i o n  
and use o f  t he  r o t a t i n g  cut terhead t h e  consis tency o f  t he  m a t e r i a l  was t h a t  o f  
d r y w a l l  compound. An a d d i t i o n a l  Nine g a l l o n s  o f  water was prov ided t o  
determine i t s  e f f e c t  on t r a n s f e r  . The r e s u l t s  i n d i c a t e  t h a t  a l though t h e  
m a t e r i a l  th inned,  s i g n i f i c a n t  improvement could n o t  be achieved w i t h  such 
l i m i t e d  a d d i t i o n  o f  water .  The ma te r ia l  appeared t o  be r e t a i n i n g  water  a t  t h e  
beginning o f  t h e  t e s t .  Th i s  was determined by the  e f f e c t  o f  t he  r o t a t i n g  
c u t t e r  blades on t h e  m a t e r i a l  sur face p r i o r  t o  water i n j e c t i o n .  
observat ion,  Test  T-18 was mod i f i ed  t o  remove mate r ia l  w i t h  no water i n j e c t e d  
f o r  s l u r r y .  

Ease o f  deployment and r e t r i e v a l  
T r a c t i o n  and maneuverab i l i t y  o f  t he  v e h i c l e  
A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
A b i l i t y  t o  break up o r  d i s lodge  mate r ia l  
The p ropens i t y  o f  t he  system t o  c log,  and ease o f  c l e a r i n g  c logs .  

The XT2000 was ab le  t o  move i n t o  t h i s  
Water i n j e c t i o n  was performed through t h e  shroud 

The a i r  conveyance 
Nine g a l l o n s  o f  water  

Due t o  t h i s  

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: 76 POUNDS 
CONTAINER GROSS WEIGHT: 386 POUNDS 
WATER VOLUME, ( I F  APPLICABLE) : 18 GALLONS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE): 0 POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: 159 POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
26.5 LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = .27 CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 + NET 
MATERIAL WEIGHT) = 51.45% 
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TEST %: T18 

TEST DESCRIPTION: S1 udge breakup and conveyance, no s l u r r y  

EQUIPMENT CONFIGURATION: XT2000, Ro ta t i ng  Cu t te r  Head and s u c t i o n  system 

TEST MATERIAL: Hardpan 2 ,  21.8 p s i  shear. 

TEST TUB: R4 

DATE: A p r i l  17, 1996 

TEST MANAGER: Jim Ridgely  

PRETEST CHECKLIST: 
Pre-Test Checkout: Veh ic le  and Tools 
A. Check a l l  h v d r a u l i c  and e l e c t r i c a l  connections a t  t h e  vehicl ie and HPU. 

(Complete) 
S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature.(Complete) 8 .  

C.  Check v e h i c l e  d r i v e  functions.(Complete) 
D. Check l i f t  arm function.(Complete) 
E. Check c u t t e r  head function.(Complete) 
F .  Check s u c t i o n  system function.(Complete) 

Pre-Test Checkout: Data Loqqinq 
A .  Stop HPU.(Complete) 
8. S t a r t  and i n i t i a l i z e  data l ogger .  (Complete) 
C.  Read shor ted i n p u t  channel on A /D  conver ter .  (Complete) 
D. Read re fe rence  i n p u t  channel on A/D conver ter .  (Complete) ' 

E. Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  (Complete) 
F. S t a r t  HPU. (Complete) 
G. Lower l i f t  arms t o  bottom o f  s t r o k e  and read LVDT sensor. (Complete) 
H. Raise l i f t  arms and read LVDT sensor as head moves t o  t o p  o f  s t roke .  

(Complete) 
I .  With l i f t  arms ra i sed ,  a c t i v a t e  c u t t e r  head, read Pa, Ps, P r ,  f l ow ,  

accelerometer 
J. Stop c u t t e r  head. (Complete) 
K.  Stop da ta  logging,  rev iew data t o  i nsu re  l ogg ing  i s  c o r r e c t .  (Complete) 
L. Check opera t i on  o f  t h e  I R  thermometer. (No I / R  Thermometer used f o r  t h i s  

t e s t )  

EquiDment I n s e r t i o n  
A. Remove end form from tub.  (Complete) 
B. P o s i t i o n  ramp. (No ramp used) 
C.  D r i v e  v e h i c l e  i n t o  app rop r ia te  tub.  (Complete) 

Video EauiDment Check 
A. P o s i t i o n  ex te rna l  v ideo camera t o  reco rd  ac t i ons  o f  t h e  v e h i c l e  and c u t t e r  

head, conduct ope ra t i ona l  check. (Complete) 
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DATA F I L E  NAME: T18-N.BIN 
START TIME: 12:01:28, 12:16:13 
STOP TIME: 12:16:08, 12:18:22 
DURATION I N  MINUTES: 16 Minutes 49 Seconds 
OFFBOARD VIDEO TAPE X: Summary Tape 1.00.47 

OBSERVATIONS AND COMMENTS: 
A. 
B. 
C .  
D. 
E. 
F: Other: 

Th i s  m a t e r i a l  has t h e  consis tency o f  semi-hardened c l a y .  It i s  s i g n i f i c a n t l y  
harder  than  t h e  4.6 shear ma te r ia l  b u t  has many o f  t he  same hand l i ng  
c h a r a c t e r i s t i c s .  The XT2000 was ab le  t o  move i n t o  t h i s  m a t e r i a l  w i t h  l i t t l e  
e f f o r t .  The r o t a t i n g  c u t t e r  head was used t o  i n j e c t  energy i n t o  t h e  m a t e r i a l  
and f r e e  en t ra ined  water t o  mix and r e - s l u r r y  the  m a t e r i a l .  
conveyance system was turned on and i n i t i a l l y  t r a n s f e r r e d  m a t e r i a l  
e f f e c t i v e l y .  
s i g n i f i c a n t  s igns  o f  i n t e r n a l  bu i l dup .  A f t e r  t h r e e  minutes t h e  hose clogged. 
With t h e  a i r  conveyance runn ing  t h e  hose was even tua l l y  c lea red  manually by 
p i c k i n g  up and dropping the  hose s t i m u l a t i n g  the  sludge t o  move. Based upon 
t h e  r e s u l t s  o f  t h i s  t e s t  i t  appears t h a t  a l though water i n j e c t i o n  i s  n o t  
necessary t o  m o b i l i z e  t h e  ma te r ia l  l ong  term cons is ten t  t r a n s f e r  may be a ided 
by moderate a d d i t i o n s  o f  water .  

Ease o f  deployment and r e t r i e v a l  
T r a c t i o n  and maneuverab i l i t y  o f  t he  v e h i c l e  
A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
A b i l i t y  t o  break up o r  d i s lodge  m a t e r i a l  
The p ropens i t y  o f  t h e  system t o  c log ,  and ease o f  c l e a r i n g  c logs .  

The a i r  

A f t e r  one minute o f  t r a n s f e r  t he  hose began t o  d i s p l a y  

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: 84 POUNDS 
CONTAINER GROSS WEIGHT: 275 POUNDS 
WATER VOLUME, ( I F  APPLICABLE): 0 GALLONS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE): 0 POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: 191 POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
31.83 LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = .32 CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 +'NET 
MATERIAL WEIGHT) = 100% 
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MODIFIED TEST 

Note :  See  T e s t  Numbers 

TEST #: T19, T20, T21, T22 
Due to the transfer issues surrounding the operation of the Foilex pump all 
four tests were completed using the same method of operation. 
changes took place regarding the performance of the vehicle in the various 
test materials. 

No significant 

TEST DESCRIPTION: Sludge breakup and conveyance, low pressure sllurry 

EQUIPMENT CONFIGURATION: XT1100, Rotating Cutter Head and foilex pump, LP 
spray bar. 

TEST MATERIAL: Hardpan 2, 21.8 psi shear. 

TEST TUB: R4 

DATE: April 17, 1996 

TEST MANAGER: Jim Ridgely 

PRETEST CHECKLIST: 
Pre-Test Checkout: Vehicle and Tools 
A. Check all hvdraulic and electrical connections at the vehicle and HPU. 

(Complete) 
Start HPU and bring to operating temperature. (Complete) 
Check vehicle drive functions. (Complete) 

Check suction system function. (Complete) 

B .  
C. 
D. Check lift arm function.(Complete) 
E .  Check cutter head function.(Complete) 
F. 

A. 
6.  
C. 
D. 
E. 
F. 
G. 
H. 

I .  

J. 
K. 
L. 

Pre-Test Checkout: Data Lossinq 
Stop HPU.(Complete) 
Start and initialize data logger. (Complete) 
Read shorted inout channel on A/D converter. (Comolete) 
Read reference input channel on' A/D converter: (Complete) 
Read accelerometer output with all equipment off. (Complete) 
Start HPU. (Complete) 
Lower lift arms to bottom of stroke and read LVDT sensor. (Complete) 
Raise lift arms and read LVDT sensor as head moves to top o f  stroke. 
(Complete) 
With lift arms raised, activate cutter head, read Pa, Ps, Pr, flow, 
accelerometer 
Stop cutter head. (Complete) 
Stop data logging, review data to insure logging is correct. (Complete) 
Check operation of the IR thermometer. (No I/R Thermometer used for this 
test) 

EauiDment Insertion 
A. Remove end form from tub. (Complete) 
B. Position ramp. (No ramp used) 
C. Drive vehicle into appropriate tub. (Complete) 
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Video EauiDment Check 
A. Position external video camera t o  record actions of the vehicle and cutter 

head, conduct operational check. (Complete) 

DATA F I L E  NAME: T19 1, T19 2, T19 3, T19 4, T19 5 
START TIME: 11: 14: 08; 11 : 16738, 11720: 11 ,-11: 22 : 22, 11 : 24: 12 
STOP TIME: 11:16:34, 11:17:34, 11:22:20, 11:23:38, 11:25:58 
DURATION I N  MINUTES: 7 Minutes 55 Seconds 
OFFBOARD VIDEO TAPE X: Summary Tape 1.03.18 

OBSERVATIONS AND COMMENTS: 
A. 
B. 
C. 
D. 
E. 
F: Other: 

The XT2000 was driven into the Hardpan material and began t o  homogenize the 
material into a pumpable form. The onboard foilex pump was activated. No 
material was observed coming from the discharge point of the hose. 
brief discussions it was apparent that the pump suction intake point would not 
remain flooded due t o  the thick consistency of the material. 
determine if the problem was caused by air entering the pump or if the 
material was simply too thick to transfer, a second test was conducted. 
test involved transferring the hardpan which had been homogenized by the 
cutter into a 55 gallon drum. 
intake buried in the hardpan sludge. When the pump was activated the sludge 
was rapidly transferred through the hose t o  the discharge point. Based on 
this information it was determined that the current mounting configuration of 
the pump would not enable transfer do t o  air entering the pump. The vehicle 
had little problem maintaining mobility in the hardpan and broke up and or 
dislodged material effectively with the rotating cutterhead. 

Ease o f  deployment and retrieval 
Traction and maneuverability o f  the vehicle 
Ability of the operator t o  observe and guide operation 
Ability t o  break up or dislodge material 
The propensity of the system to clog, and ease o f  clearing clogs. 

After 

In order t o  

This 

The pump was then lowered into the drum and the 

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: N/A POUNDS 
CONTAINER GROSS WEIGHT: N/A POUNDS 
WATER VOLUME, ( I F  APPLICABLE): N/A GALLONS 

POUNDS !\! POUNDS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE): 
NET MATERIAL OR FILTRATE WEIGHT: 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
N/A LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = N/A CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 +'NET 
MATERIAL WEIGHT) = x 
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TEST #: T20 

TEST DESCRIPTION: Sludge breakup and conveyance, low pressure s l u r r y  

EQUIPMENT CONFIGURATION: XT1100, Ro ta t i ng  C u t t e r  Head and f o i l e x  pump, LP 
spray bar .  

TEST MATERIAL: Hardpan 1, 4 .6  p s i  shear. 

TEST TUB: R3 

DATE: 

TEST MANAGER: 

PRETEST CHECKLIST: 
Pre-Test Checkout: Vehic le  and T o o l s  
A. Check a l l  h y d r a u l i c  and e l e c t r i c a l  connections a t  t h e  v e h i c l e  and HPU. 
6. 
C .  Check v e h i c l e  d r i v e  func t i ons .  
D. Check l i f t  arm f u n c t i o n .  
E.  Check c u t t e r  head f u n c t i o n .  
F. Check pump f u n c t i o n .  
G .  Check spray ba r  f u n c t i o n .  

S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature. 

Pre-Test Checkout: Data Loaainq 
A. Stop HPU. 
6. 
C.  Read shor ted i n p u t  channel on A/D conver ter .  
D. Read re fe rence  i n p u t  channel on A/D conver ter .  
E .  Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  
F .  S t a r t  HPU. 
G. Lower l i f t  arms t o  bottom o f  s t roke  and read LVDT sensor. 
H. Raise l i f t  arms and read LVDT sensor as head moves t o  t o p  o f  s t roke .  
I .  With l i f t  arms ra i sed ,  a c t i v a t e  c u t t e r  head and spray bar, read  Pa, Ps, 

P r ,  Flow, and accelerometer. 
J .  Stop c u t t e r  head and spray. 
K.  Stop da ta  logging,  rev iew data t o  i nsu re  l ogg ing  i s  c o r r e c t .  
L. Check opera t i on  o f  t he  I R  thermometer. 

EauiDment I n s e r t i o n  
A. L i f t  v e h i c l e  w i t h  gan t ry .  
6. Move t o  app rop r ia te  tub .  
C. Lower v e h i c l e  i n t o  the  tub.  

S t a r t  and i n i t i a l i z e  da ta  logger .  

Video EauiDment Check 
A. P o s i t i o n  e x t e r n a l  v ideo  camera t o  reco rd  ac t i ons  o f  t h e  v e h i c l e  and c u t t e r  

6. Conduct ope ra t i ona l  check o f  on-board v ideo system. 
head, conduct ope ra t i ona l  check. 
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DURATION IN- 
ONBOARD VIDEO TAPE #: 
OFFBOARD VIDEO TAPE #: 

OBSERVATIONS AND COMMENTS: 
A. 
B. 
C .  
D.  
E. 
F: Other: 

Ease o f  deployment and retrieval 
Traction and maneuverability o f  the vehicle 
Ability o f  the operator to observe and guide operation 
Ability to break up or dislodge material 
The propensity o f  the system to clog, and ease o f  clearing clogs. 

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: POUNDS 
CONTAINER GROSS WEIGHT: POUNDS 
WATER VOLUME, ( I F  APPLICABLE): GALLONS 
F ILTER MATERIAL WEIGHT ( I F  A P P L I C A B L P ) :  POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
LBS/MIN 

NET WEIGHT/(DURATION x DENSITY) = - CU.FT./MIN 
MATERIAL VOLUME REMOVAL RATE = 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 t NET MATERIAL 
WEIGHT) = % 
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TEST X: T21 

TEST DESCRIPTION: Sludge breakup and conveyance, h igh  pressure s l u r r y  

EQUIPMENT CONFIGURATION: XT1100, Ro ta t i ng  C u t t e r  Head and f o i l e x  pump, HP spray 
bar .  

TEST MATERIAL: Hardpan 1, 4 .6  p s i  shear. 

TEST TUB: R3 

DATE: 

TEST MANAGER: 

PRETEST CHECKLIST: 
Pre-Test Checkout: Veh ic le  and Tools 
A. 
B. 
C .  Check v e h i c l e  d r i v e  func t i ons .  
D. Check l i f t  arm f u n c t i o n .  
E. Check c u t t e r  head f u n c t i o n .  
F. Check pump f u n c t i o n .  
G.  Check spray ba r  f u n c t i o n .  

Check a l l  h y d r a u l i c  and e l e c t r i c a l  connections a t  t h e  v e h i c l e  and HPU. 
S t a r t  HPU and b r i n g  t o  ope ra t i ng  temperature. 

Pre-Test Checkout: Data Loqsinq 
A. Stop HPU. 
B. S t a r t  and i n i t i a l i z e  data l ogger .  
C .  Read shor ted i n p u t  channel on A/D conver ter .  
D. Read re fe rence  i n p u t  channel on A/D conver te r .  
E. Read accelerometer ou tpu t  w i t h  a l l  equipment o f f .  
F. S t a r t  HPU. 
G. Lower l i f t  arms t o  bottom o f  s t r o k e  and read LVDT sensor. 
H. Raise l i f t  arms and read LVDT sensor as head moves t o  t o p  o f  s t roke .  
I .  With l i f t  arms ra i sed ,  a c t i v a t e  c u t t e r  head and spray bar, read Pa, Ps, P r ,  

F1 ow, and accel erometer . 
J .  Stop c u t t e r  head and spray. 
K. Stop data l ogg ing ,  rev iew data t o  i nsu re  l ogg ing  i s  c o r r e c t .  
L. Check opera t i on  o f  t h e  I R  thermometer. 

Eauioment I n s e r t i o n  
A. L i f t  v e h i c l e  w i t h  gan t ry .  
B. Move t o  app rop r ia te  tub .  
C.  Lower v e h i c l e  i n t o  the  tub .  

Video EauiDment Check 
A. P o s i t i o n  e x t e r n a l  v ideo camera t o  reco rd  ac t i ons  o f  t h e  v e h i c l e  and c u t t e r  

head, conduct ope ra t i ona l  check. 
B .  Conduct ope ra t i ona l  check o f  on-board v ideo system. 
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STOP TIME: 
DURATION INTim(UT ES: 
ONBOARD VIDEO TAPE #:= 
OFFBOARD VIDEO TAPE #: - 

OBSERVATIONS AND COMMENTS: 
A. 
B. 
C .  
D. 
E. 
F: Other: 

Ease o f  deployment and retrieval 
Traction and maneuverability o f  the vehicle 
Ability o f  the operator to observe and guide operation 
Ability to break up or dislodge material 
The propensity o f  the system to clog, and ease o f  clearing clogs. 

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: POUNDS 
CONTAINER GROSS WEIGHT: POUNDS 
WATER VOLUME, ( I F  APPLICABLE) : GALLONS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE): POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
LBS/MIN 

NET WEIGHT/(DURATION x DENSITY) = CU.FT./MIN 
MATERIAL VOLUME REMOVAL RATE = 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME X 62 .4  t NET MATERIAL 
WEIGHT) = % 
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TEST #: T22  

TEST DESCRIPTION: S1 udge breakup and conveyance, high pressure  s l u r r y  

EQUIPNENT CONFIGURATION: XT1100, Rotat ing C u t t e r  Head and f o i l e x  pump, HP spray 
bar .  

TEST MATERIAL: Hardpan 2 ,  21.8 psi  shear .  

TEST TUB: R4 

DATE: 

TEST MANAGER: 

PRETEST CHECKLIST: 
Pre-Test Checkout: Vehicle and Tools 
A .  Check a l l  hydraul ic  and e l e c t r i c a l  connections a t  t h e  vehic le  and HPU.  
6. 
C .  Check vehic le  d r i v e  func t ions .  
D .  Check l i f t  arm funct ion .  
E .  Check c u t t e r  head func t ion .  
F .  Check pump funct ion .  
G .  Check spray bar  func t ion .  

-q 
A .  Stop H P U .  
6. 
C .  Read shor ted  input  channel on A / D  conver te r .  
D.  Read re ference  input  channel on A/D conver te r .  
E .  Read accelerometer  output  with a l l  equipment o f f .  
F. S t a r t  H P U .  
G .  Lower l i f t  arms t o  bottom of  s t roke  and read LVDT sensor .  
H .  Raise l i f t  arms and read LVDT sensor  as  head moves t o  top  of s t r o k e .  
I .  With l i f t  arms r a i s e d ,  a c t i v a t e  c u t t e r  head and spray bar ,  read Pa, Ps, Pr ,  

Flow, and accelerometer .  
J .  Stop c u t t e r  head and spray.  
K. Stop d a t a  logging,  review da ta  t o  insure  logging i s  c o r r e c t .  
L .  Check opera t ion  of t h e  IR thermometer. 

S t a r t  HPU and br ing t o  operat ing temperature. 

S t a r t  and i n i t i a l i z e  d a t a  logger .  

Eauioment I n s e r t i o n  
A .  L i f t  vehic le  with gant ry .  
6. Move t o  appropr ia te  tub .  
C .  lower v e h i c l e  i n t o  t h e  tub .  

Video EouiDment Check 
A .  Pos i t ion  ex terna l  video camera t o  record ac t ions  of t h e  vehic le  and c u t t e r  

6. Conduct opera t iona l  check of on-board video system. 
head, conduct opera t iona l  check. 
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DURATION I N 1  

OBSERVATIONS AND COMMENTS: 
A. 
E. 
C .  
D .  
E. 
F: Other: 

Ease o f  deployment and retrieval 
Traction and maneuverability o f  the vehicle 
Ability o f  the operator to observe and guide operation 
Ability to break up or dislodge material 
The propensity o f  the system to clog, and ease o f  clearing clogs. 

MATERIAL REMOVAL RESULTS: 

WEIGHING CONTAINER EMPTY WEIGHT: POUNDS 
CONTAINER GROSS WEIGHT: POUNDS 
WATER VOLUME, ( I F  APPLICABLE): GALLONS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE): POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
LBS/MIN 

NET WEIGHT/(DURATION x DENSITY) = CU.FT./MIN 
MATERIAL VOLUME REMOVAL RATE = 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 62.4 + NET MATERIAL 
WEIGHT) = % 

45  



WHC-SO-WM-TD-011, Rev. 0 

TEST I: T23 

TEST DESCRIPTION: Sludge suction, low pressure slurry 

EQUIPMENT CONFIGURATION: XT1100, Rotating Cutter Head and foilex pump, diluent 
injection. 

TEST MATERIAL: Wet sludge, 0 .5  psi shear. 

TEST TUB: L3 

DATE: April 19 ,  1996 

TEST MANAGER: Jim Ridgely 

PRETEST CHECKLIST: 
Pre-Test Checkout: Vehicle and Tools 
A. Check all hydraulic and electrical connections at the vehicle and HPU. 

6.  
C. Check vehicle drive functions.(Complete) 
D. Check lift arm function.(Complete) 
E .  Check cutter head function.(Complete) 
F. Check suction system function.(Complete) 

(Complete) 
Start HPU and bring to operating temperature.(Complete) 

A. 
6. 
C. 
D .  
E. 
F. 
G. 
H. 

I .  

J. 
K.  
L. 

Pre-Test Checkout: Data Losqinq 
Stop HPU. (Complete) 
Start and initialize data l o w e r .  (Comolete) 
Read shorted input channel on"A/D ionverter: (Complete) 
Read reference input channel on A/D converter. (Complete) 
Read accelerometer output with all equipment off. (Complete) 
Start HPU. (Complete) 
Lower lift arms t o  bottom of stroke and read LVDT sensor. (Complete) 
Raise lift arms and read LVDT sensor as head moves t o  top of stroke. 
(Complete) 
With lift arms raised, activate cutter head, read Pa, Ps, Pr, flow, 
accelerometer 
Stop cutter head. (Complete) 
Stop data logging, review data to insure logging is correct. (Complete) 
Check operation of the IR thermometer. (No I/R Thermometer used for this 
test) 

Eauioment Insertion 
A. Remove end form from tub. (Complete) 
6. Position ramp. (No ramp used) 
C. Drive vehicle into appropriate tub. (Complete) 

Video Eauioment Check 
A. Position external video camera t o  record actions of the vehicle and cutter 

head, conduct operational check. (Complete) 
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DATA F I L E  NAME: T23-1 
START TIME: 11:14:40 
STOP TIME: 11:16:38 
DURATION I N  MINUTES: 1 Minute 58 Seconds 
OFFBOARD VIDEO TAPE #: Summary Tape 1.09.52 

OBSERVATIONS AND COMMENTS: 
A. 
B. 
C .  
D. 
E. 
F:  Other: 

A f t e r  v iewing t h e  c a p a b i l i t y  o f  t h e  XT2000 v e h i c l e  i n  t h e  o t h e r  s imu lan t  
m a t e r i a l s  i t  was determined t h a t  t h e  s o f t  sludge should be m o d i f i e d  t o  more 
c l o s e l y  resemble i n  tank  cond i t i ons .  Debr is  from t h e  p rev ious  t e s t s  i n c l u d i n g  
chunks o f  1500 p s i  and 3000 p s i  sa l t cake  were added t o  t h e  s o f t  sludge. 
A d d i t i o n a l  d e b r i s  i n c l u d i n g  w i re ,  w i r e - t i e s  and s t e e l  s t rapp ing  were added t o  and 
imbedded i n  t h e  sludge. The v e h i c l e  w i t h  t h e  r o t a t i n g  cu t te rhead  i n  ope ra t i on  
drove i n t o  the  face o f  t he  sludge. The forward mot ion o f  t h e  v e h i c l e  was n o t  
slowed by t h e  sludge. The d e b r i s  i n  t h e  sludge was blended i n  w i t h  the  sludge 
and i n  t h e  case o f  t h e  s a l t  cake and o r  rock  s imulant  would have been 
t r a n s f e r r a b l e .  The 
c u t t e r  blades and o r  t he  performance o f  t he  c u t t e r  d i d  n o t  appear t o  be 
s i g n i f i c a n t l y  impacted by t h e  l i m i t e d  q u a n t i t i e s  present  b u t  a d d i t i o n a l  t e s t i n g  
would be r e q u i r e d  t o  determine t h e  impact o f  l a r g e  volumes o f  such d e b r i s .  

Ease o f  deployment and r e t r i e v a l  
T r a c t i o n  and maneuverab i l i t y  o f  t h e  v e h i c l e  
A b i l i t y  o f  t h e  opera to r  t o  observe and guide opera t i on  
A b i l i t y  t o  break up o r  d i s lodge  m a t e r i a l  
The p ropens i t y  o f  t h e  system t o  c log ,  and ease o f  c l e a r i n g  c l o g s .  

The s t rapp ing  d e b r i s  wound around the  c u t t e r  b lade s h a f t .  

MATERIAL REMOVAL RESULTS: 

POUNDS ;{: POUNDS 
WEIGHING CONTAINER EMPTY WEIGHT: 
CONTAINER GROSS WEIGHT: 
WATER VOLUME, ( I F  APPLICABLE) : GALLONS 
FILTER MATERIAL WEIGHT ( I F  APPLICABLE): !{: POUNDS 
NET MATERIAL OR FILTRATE WEIGHT: N/A POUNDS 

MATERIAL WEIGHT REMOVAL RATE = NET WEIGHT/DURATION = 
N/A LBS/MIN 

MATERIAL VOLUME REMOVAL RATE = 
NET WEIGHT/(DURATION x DENSITY) = N/A CU.FT./MIN 

SOLIDS RATIO = (NET MATERIAL WEIGHT)*(100)/ (WATER VOLUME x 
WEIGHT) = % 

62.4 t NET MATERIAL 
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