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development program (PIDDP) 663, 670,
673, 674, 677, 695

planetary mill 582, 594
planetary protection (PP) 652, 671, 686, 690,

707–709, 711, 712, 718–731, 733, 736, 737
– categories I to IV 708
planetary underground tool (PLUTO) 662
planning 196
plant inspired space probe 514, 515
plastic zone 207
PLUTO 356, 368, 369, 371, 372, 502–504
pneumatic drill 3, 4
pneumatic sample return 448
polycrystalline diamond (PCD) 18, 19, 22,

148, 422, 453, 483, 485, 745
polycrystalline diamond compact (PDC) 104,

109, 112, 117, 122, 167, 483, 542
pond water kits 690
pore pressures 37, 42, 43, 66, 67, 72, 76,

78–81, 83, 85, 99, 101–103, 106, 115, 117,
118, 127

porosity 32, 39, 40, 41, 45, 46, 47, 48, 53, 55,
58, 61, 65, 77, 88, 91, 95, 117, 126

portable drills 5, 14
portable remotely operated drill (PROD) 334,

335
powder acquisition drill system (PADS) 628
powdered cuttings sampler 381, 382
powder sample capture 534
powder sample ejection 535
powder X-ray diffraction 672
powerdrive 190
Prairie dog 258, 259
precharging 160
precision cleaning 716, 718, 735
preload 353, 363, 364, 385, 390, 403, 415,

442, 491
pressure bubble 209, 210
primary crusher 574, 575, 598
processing and distribution assembly

(PDA) 361
project PLUTO 151
protein chips 689

pseudoplastic craters 170
pulverize 590
pump 227, 228, 234–236, 238–240, 242, 243,

249–253, 266–268, 270, 271, 274–277,
285–291, 297

push coring 341–343

q
quantum cascade (QC) laser 676, 677
Queen Maud Land 223

r
radioisotope thermoelectric generator (RTG)

645
Raman spectrometer 562, 563, 593, 600, 649,

654, 659, 660, 662, 663, 670, 691
Raman spectroscopy 668–671
rapid air movement (RAM) drill 285, 286
rate independent interface laws 104
rate of penetration (ROP) 90, 99, 102–104,

114, 115, 118, 120, 124, 129, 163, 166, 170,
172–175, 177, 188, 211, 383, 397, 398, 444,
454, 460, 465, 468, 479, 488, 498, 525

reamer 265, 274, 275, 279
reaming 249, 265, 278, 279, 293
recirculation 266–268
recompaction of cuttings 179–181
recontamination prevention 719
redox meters 677
reduction ratio 563, 565, 567, 577–579, 637
reference systems 183–185
refreezing 265
Regolith and Environment Science andOxygen

and Lunar Volatile Extraction (RESOLVE)
660

Regolith cores 494, 564
remote instruments (mast-mounted) 652
remotely controlled robotic seafloor

drilling 318–336
remotely operated vehicles (ROV) 328,

333–335, 339
remote sensing 649, 654
remote spectrometers 654
reservoir 268, 270, 272, 276, 277, 288, 290
reservoir stresses 81
residual strength 39, 126
resistance 38, 43, 52, 104, 119, 121, 122
RESOLVE 423, 424, 437, 439
resonant sonic drilling rigs 148, 149
Rio Tinto analog site 532
riser drilling 316–318
riserless drilling 315, 316
robot 286
robotic arm (RA) 621, 626–628, 635, 734, 735
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robotic drilling techniques 309, 318, 320–328
robotic sampling and containerization

technology (RSCT) 442
rock abrasion tool (RAT) 355, 356, 357, 380,

561, 589, 627, 657–659, 680
rock breakage 37, 89, 91, 119, 128
rock breaking 565, 578
rock compressibility 33
rock corer grinder (RCG) 356, 503
rock dredges 337
rock drillability 119, 129
rock failure 32, 39, 47, 97–101
rock fatigue 100
rock lithology 53
rock properties 31, 32, 41, 45, 47, 52, 57, 58,

126, 129, 186–188
rod drilling 320–325, 332
rod mill 583, 584
roll crusher 577, 578, 590, 591, 593, 597–599
– design 599
rolling cutter bits 169–171
Rosetta 499, 501
Rosetta lander drill 499–501
Rosetta–Philae SD2-Drill 499
Ross Ice Shelf Project (RISP) 226, 281
rotary active sampling package (RASP) 751
rotary drill 5, 6, 9, 14, 15, 22, 225–227, 257,

353, 379, 390, 393, 441, 442, 516, 535
rotary drilling rigs 149–162
rotary drilling with drag bits 104, 109
rotary-hammer drill 15, 745, 749
rotary hammers 580, 591, 593, 594
rotary percussion drill bits 148
rotary percussive hammer rigs 147–149
rotary-percussive drill 348, 353, 497, 505, 543
rotasonic drilling 148
rotation perminute (RPM) 112, 117, 120, 124
ROV drill (MBARI/WHOI) 334, 335, 336
rover 591, 620–622, 631
rover support assembly (RSA) 480, 484
Russian KEMS-112 (KEMS-132) drill 239

s
salt diapirism 72, 80
SAM analytical suite 675
sample acquisition 707, 708, 712, 725, 733
sample acquisition and preprocessing

system 423–438
sample acquisition and transfer mechanism

(SATM) 449, 450
sample acquisition system (SAS) 402, 422,

440, 451
sample analysis at Mars (SAM) 505, 751
sample analysis platforms 649

sample caking 571
sample capture device (SCaD) 437
sample capture techniques 436–438
sample distribution (MeSH-SD) 600, 602
sample handling and distribution system

(SHADS) 733
sample handling tasks 559, 560
sample hand-off (MeSH-SHO) 600, 601
sample processing unit (SPU) 575, 579,

595–600
sampler and distribution system (SD2)

499–501
sample return missions 712, 725
sample separation & preparation

(MeSH-SSP) 600, 601
sample transfer unit (STU) 598
sampling, drilling, and distribution system

(SD2) 499–501
sampling mechanisms 748–750
sampling mole 368, 502, 503
saws 585
science traceability matrix 647, 648
scientific drilling 313–318
scoops 358–366
screens 227, 236, 267
sea floor drill rig 333
secondary crusher 574
sedimentary rocks 31, 39, 53, 88
segmented coring auger drill (SCAD)

441–444
seismic sounding 222
seismometers 663–665
semi autogenous mills 584
semi-submersibles 310, 312
sensor 243, 251, 262–264, 272, 274, 286, 289,

291, 300
shallow drilling 421, 536, 538
shape of particles 571
shear failure 36, 81, 99, 121
shear modulus 32, 36, 45, 46, 54, 126
shear strength 37, 42, 46, 82, 126
shear testing of interfaces 42
shoes 227, 228, 230, 231, 236, 241
shot holes 223, 262, 266
sidewall friction 188, 199, 200, 203, 211, 212,

215
sidewinder 259, 260
sieve screens 605–607, 609, 610, 612, 613
sieve vibration mechanism 608
sieving 569, 600, 601, 605, 606, 608–610, 612,

614, 617–619
silicone control rectifier (SCR) 154, 155
single stage comminution 591–594
SIPRE coring auger 231
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slip-line analysis 203, 204
slippage 39, 73
slipring assembly 543
small body spacecraft 622
small sample acquisition and distribution tool

(SSA/DT) 364, 365, 411, 412, 453, 501
small strain model 204
Smectite-to-illite mineralogy 76
soil penetration 200, 215
solar powered rock crusher 595, 596
solid core capture 534
solid core ejection 535
solid core stratigraphy 535
solvent cleaning 727
solvents 716, 718, 727
sonde 227, 228, 232, 241, 243, 244,

248, 253
sonic cleaning 718
sonic drilling 175
South Pole 221, 222, 223, 263, 272, 274,

279, 301
Soviet Luna drill 497–498
Soviet Venera and Vega landers 52
space analogs 528
spacecraft landers 621
Spacecraft Mechanisms Corporation (SMC)

449
specific energy 103, 106, 111, 112, 113, 118,

119, 120, 129
spectrometers 644, 649, 653–655, 657,

659–663, 666–670, 675, 679–684, 688,
690–692

spindletop well 146
spinning offset mass 608, 610
Spong 624
spores 719, 721–723, 729, 731, 734–736
spotting drill bits 17
SSA/DT 364, 365, 411, 412, 453, 501
stabilizer placement effects 191
stamp mill 580, 581, 591, 593
static method 41–45
stationary platforms 621–624
statistical permeability models 39
steam drills 283, 284
stereo imager 649
sterility 718, 723, 724, 727, 728
sterilization 718, 721–731, 733, 735, 737
Sterrad process 729
strength properties 32, 37–39
strength testing 42
stress boundary conditions 67–68
stress orientations 66, 69–73, 127
stress; principal, total, effective 37, 58, 65, 66,

68, 69, 73, 74, 81, 83, 84, 85, 100

stresses in drilling 68
strong white light 727
subsea boreholes 310
subsurface access testing laboratory 443, 527,

528
subsurface corer sampling system

(SCSS) 455–458
subsurface explorer (SUBEX) 477–479
subsurface ice probe (SIPR) 286, 287,

289–291
Subsurface Planetary Exploration Core

Extracting System (SPECES) 473–475
Subsurface Telescoping Sampling System

(STSS) 458–460
surface acoustic wave (SAW) 751
surface drills 402–421, 537
surface microbial density 721
surface removal tool (SRT) 628
Surface Sampler Acquisition Assembly

(SSAA) 360–361
surface sterilant process 729
surface tension 54, 61, 62
surface-driven rotary drills 224–225
survey techniques 197, 198
surveyor scoop 358, 359
Suzuki booster 238, 240
swing mill 587, 588
Swiss Federal Institute of Technology

(ETHZ) 281
Swiss lightweight drill 231–233, 245

t
tactile feedback 628
Taku Glacier 223, 226
T-bar (TBT) 313
technology readiness level (TRL) 407, 424,

449, 455, 473, 486, 488, 541, 651, 662, 691,
694

tectonic data 65
Tedlar film 735
TEGA instrument 714
tele-drilling 487
ten-meter class drills 462–476
tensile failure 98, 99, 103, 129
tensile strength 32, 37–39, 42, 47, 58, 59, 61,

62, 64, 99, 103
terrain sensing 628–632
terrestrial rocks 31–48
thermal and evolved gas analyzer (TEGA) 669
thermal comminution 590
thermal drill 118
thermal emission spectrometer (TES) 655,

668, 669
thermal probe 649
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thermal spallation 141, 214
thermal spalling 9, 12, 162–164
thermal spring pickaxe 595
thermal techniques 12–13
thermal vacuum (TV) 367, 372, 422, 528
thermocouple 745, 746
till 297
tilt angle 190, 195
time delay effect 729–731
tipping drill 228, 234, 236
Titan 51, 52, 127
Titan harpoon sampler 417–421
titanium carbon nitride (TiCN) 19
toolface 184, 185
top hammer (TH) 147, 148
total drilling power 478, 542
touch and go surface sampler (TAGSS)

413–415
tower 228, 231, 233–235, 244, 252,

273, 274
toxic gas 726
Transmash Russian Mobile Vehicle

Engineering Institute (VNII) 366, 367,
502, 503

transport properties 32, 39–41, 126
transpressional conditions 81
triaxial testing 36, 37, 41–44, 113, 126
trichloroethylene 293, 294
tricone bits 22–23
tricon milled tooth (MT) 22
triple point of water 742
true vertical depth (TVD) 184, 199
tumbling machines 583, 594
tunable diode laser absorption spectroscopy

(TDLAS) 675–677
tunable diode laser spectrometer (TDLS) 669,

675, 676
tunable laser spectrometer (TLS) 654, 675,

676
tungsten carbide inserts (TCI), tricone bits 22
twist drill bits 15, 16

u
ultrasonic agitation 716
ultrasonically assisted drilling (UAD)

377–379, 392
ultrasonic comminution 590
ultrasonic drilling 165, 166
ultrasonic drill tool (UDT) 378, 392, 393
ultrasonic rock abrasion tool (URAT)

356–358
ultrasonic rock corer 390–392
ultrasonic/sonic driller/corer (USDC)

379–387, 743, 745, 747, 749

ultrasonic/sonic gopher 25, 380, 382,
475–476, 513

ultrasonic vibration 563, 609
ultraviolet/visible (UV/VIS) spectroscopy

649, 655, 667
unconfined compressive strength (UCS) 364,

408, 543
unconsolidated core capture 534
underbalanced drilling 223
uniaxial compressive strength (UCS) 34, 37,

38, 40, 42, 46, 47, 54, 59, 61, 62, 65, 95, 108,
117, 118, 121

unrestricted earth return 709, 710, 712, 725
unweathered (fresh) core 559
US Geological Survey 221
USDC 383, 385, 743, 745, 747, 749
UV irradiation 709, 710, 712, 725
UV Raman spectroscopy 671

v
Van Den Berg�s finite element model 205
vapor cleaning with IPA 718
vapor hydrogen peroxide (VHP)

sterilization 729, 730
vapor methods 727
Venera drill 498, 499
Venus 51, 52, 64, 127
– drill 460, 462
vertical shaft impactor 580
vibrating mills 581
vibratory pile driving 210–212
vibrocoring 330, 343
vibro-impact mechanism 378
Viking X-ray fluorescence spectrometer 680
vision-based terrain sensing 629–632
volcanism 52, 72
Vostok 239, 250, 251, 295

w
water saturation 39, 59, 62, 65
wave velocities; compressional, shear 45, 47,

73, 100, 126
wax corer 340
weight on bit (WOB) 90, 92, 94, 104, 105,

110, 112, 113, 115, 117, 120, 128, 354,
383, 385, 388, 389, 409, 410, 451, 454,
464, 465, 467, 469, 480, 482, 488, 523,
527, 742, 747

West Antarctic Ice Sheet Divide Ice Core
(WAISCORE) 144

wet chemistry laboratory (WCL) 677, 678
winch 228, 231, 233, 234, 235, 238, 239, 244,

248, 252, 253, 260, 272, 274, 285
wireline 145, 146, 156, 747
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– coring 322, 325, 328
– drill 226, 299, 300, 475, 517
wireline system 226, 438, 440, 469, 493
Wood wasp digging system 513, 514

x
X-ray diffraction (XRD) 562, 654, 655, 672,

673
X-ray emission spectroscopy 679

X-ray fluorescence (XRF) spectroscopy 562,
649, 654, 655, 663, 672–674, 679–682

y
Young�smodulus 32, 33, 43, 45, 54, 56, 58, 59,

88, 126

z
Z-stacking 657, 659
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