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ATTACHMENT I

LOGS OF BOREHOLES RF#14 TO RF#29 

As mentioned in Section 6.2.2, an exploratory program that included fifteen boreholes was 
undertaken to gain an understanding of the subsurface geologic conditions at the WHB Area and 
to provide access for downhole and suspension seismic geophysical methods. Drilling of the 
exploratory boreholes began in June 2000 and concluded in November 2000. The boreholes 
were located as shown on Figure 2 in the main text and as tabulated in Table 1-1. Four of the 
fifteen boreholes were continuously cored from the surface with PQ (3.35 inch) and HQ 
(2.5 inch) coring systems. The remaining eleven boreholes were conventional mud rotary holes, 
although an interval at the bottom of borehole RF#22 was cored. The cored boreholes were 
logged based on the core, while the mud rotary holes were logged based on the drill cuttings.  

Table I-1 Borehole Locations, Total Depth and Drilling Method 

Designation Northing Easting Elevation Total Depth Drilling Method 

RF#1 4 N765,309 E571,065 3651.5 550.0 Core 
RF#15 N765,774 E570,225 3681.0 330.0 Core 
RF#1 6 N765,056 E570,473 3672.0 452.8 Core 
RF#17 N766,076 E571,042 3672.4 667.8 Core 
RF#1 8 N764,522 E570,627 3640.3 493.6 Mud Rotary 
RF#19 N765,880 E571,384 3661.8 645.2 Mud Rotary 

RF#20 N765,637 E570,797 3671.3 160.0 Mud Rotary 
RF#21 N765,899 E570,739 3673.0 192.2 Mud Rotary 
RF#22 N766,206 E570,793 3679.2 540.6 Mud Rotarylcore 

RF#23 N765,311 E570,465 3674.0 159.1 Mud Rotary 
RF#24 N766,344 E570,542 3684.5 268.0 Mud Rotary 
RF#25 N765,968 E570,626 3676.5 159.0 Mud Rotary 

RF#26 N765,248 E570,580 3670.8 264.9 Mud Rotary 
RF#28 N765,510 E570,105 3680.6 99.8 Mud Rotary 
RF#29 N766,018 E570,836 3672.7 430.0 Mud Rotary 

DTNM GS020383114233.003 

Note: DTN: GS020383114233.003 has some minor internal inconsistencies, as follows: RF#24: Log page 1 
says at the top that total depth is 268.0 feet and at the bottom that total depth is 267.9 feet. RF#26: Log 
page 1 says at top that total depth is 264.9 feet and at bottom that total depth is 265.0 feet. RF#28: log 
page 1 says at the top that total depth is 100.0 feet and at the bottom that total depth is 99.8 feet. The 
values used herein are based on a review of the data.  

The borehole logs were initiated in the field and finalized based on examination in the Sample 
Management Facility. The final logs are presented in alphanumerical order beginning on the 
second page following this page. The final logs may also be found in 
DTN: GS020383114233.003.
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#14 SHEET 1 OF 11 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE- Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,308.73 E 571,065.44 GROUND ELEVATION: 3651.52 

BEGUN: 9/1312000 FINISHED: 9/27/2000 TOTAL DEPTH: 550.0 It. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 101.86t. HOLE LOGGED BY: USBR/SMF 

REVIEWED BY. Maak McKeown, 

E_ INEEX "'u, 

NOTES SHEAR WAVE VELOCIT Z •CLASSIFICATION 

NOTES ! HEAR WAVE-VELOCIi _AND PHYSICAL CONDITION 

ct~ ~ 0 0 

~ _______ g _______________________

P'urpose of" Ior: 
Develop geologic design data 
required for Waste Handling 
Building foundation parameters 
and seismic hazard analysis.  

Drill Equipment: 
Schrarnm T685 Drill Rig, UDR 
1000 Drill Rig 

Drillers: 
0. Hamson. R. Mckay: Dynatec 
Drilling Inc.; Salt Lake City. Utah.  

Drilling Method: 
Used 12" hammer to 5.02.  
Cement 10.75 O.D. casing with 
1.29 stickup, Re-enter hole on 
9/13/2000 with PQ coring system.  
Cored with PO to 116.06. Used 
PQ rods as casing and installed 
HO toring system. Cored with 
HO to the total depth of 549.99.  

Drltling Conditions: 
0.00 to 443.06: Replaced 2 bits.  

Drilling Fluid: 
0.00 to 5.02: Non-potable water.  
5.02 to 290.09: Non-potable 
water, Quick Gel mud with 
EZ-Mud. 290.09 to 294.15: 
non-potable water, Quik Gel mud 
with EZ-Mud and LCM to 
re-establish circulation. 294.15 to 
549.99: Non-potable water, Quick 
Gel mud with EZ-Mud.  

Loss Intervals: 
290.09 to 294.15 

Casing Record: 
0.00 to 4.72:10.75 OD. casing.  
0.00 to 116.06: PQ casing 
116.06 to 549.99: No casing 

Hole Completion: 
Ream hole from 5.00 to 550,15 
with 8.5 Tricone Bit. Set and 
cement 512.22 of 4.5* PVC 
casing.
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COMMENTS: 1. AMN measurements am in feet unlese noted otherwise.  

2. LCM (Lost Circulation Material) consists of cellephane cutings.  

3. USCS classfications were detennined in the field, with linited access to samples to 
keep samples intact for future tests.  

4. Shear Wave Velocity data from GeoVision suspension logging. Data acquired fron 
downhole survey conducted after PVC casing installed.  

5. USCS soil classifications are based on USBR Earth Manual procedure 5005 
Determining Unified Soil Classlfication (Visual Method)

Gal

Gal 
(GP-GM)s 

Gal 
(GP)s 

Gal 
GW 

Cal 
(GP)s 

Cal 
(GP)sc 

Gal 
GW 

Gal 
(SM)g 

Gal 
(GP)s 

Gal 
(SP)g 

NR

0.0 to 101.8 ft. QUATERNARY ALLUVIUM (Qal) 

0.0 to 5.0: No Recovery 

5.0 - 9.1: POORLY GRADED GRAVEL WITH SAND AND SILT 
(GP-GM)s; About 50% fine to coarse, hard, subrounded to 
subangular gravel; about 40% predormiaately fine, hard, 
subrounded to subangular sand; about 10% nonplastic fines, no 
dry strength, rapid dilatancy. low toughness; maximum size 
65mm, dry, light brown; strong reaction with HCI; firm, strongly 
cemented.  

9.1 - 11.5: POORLY GRADED GRAVEL WITH SAND (GP)s; 
About 60% fine to coarse, hard subrounded to subangular gravel; 
about 35% fine to coarse, subrounded to subangular sand; about 
5% nonplastic fines, no dry strength, rapid dilatancy, low 
toughness; maximum size 75mm, dry, light brown; stong 
reaction with HCI; firm, weak to strongly cemented.  

11.5 -14.9: WELL GRADED GRAVEL (GW); About 100% fine to 
coarse, hard, subrounded to angular gravel; maximum size 
75mm, light brown; 10% of gravel is partially coated with up to 
1mm white caliche.  

14.9 - 18.1: POORLY GRADED GRAVEL WITH SAND (GP)s; 
About 70% fine to predominately coarse, hard, subrounded to 
subangular gravel; about 25% predominately fine sand; about 5% 
nonplastic fines, no dry strength, rapid dilatancy, low toughness; 
trace of cobbles; maximum size 95mm, dry, light brown; weak 
reaction with HCI; finn. weakly cemented.  

18.1 - 23.2: POORLY GRADED GRAVEL WITH SAND AND 
COBBLES (GP)sc; About 65% fine to coarse, hard. subangular to 
angular gravel; about 30% predominately fine sand; about 5% 
nonplastic fines, no dry strength, rapid dilatancy, low toughness; 
trace of cobbles; maximum size 215mm, dry, light brown; weak 
to strong reaction with HCI; firm, weak to moderately cemented.  

23.2 - 26.8: WELL GRADED GRAVEL (GW); About 100% fine to 
coarse, hard, subrounded to angular gravel; maximum size 
75mm, light brown; 10% of gravel is partially coated with up to 
1rmm white caliche.  

26.8 - 30.6: SILTY SAND WITH GRAVEL (SM)g; About 55% 
predominately fine sand; about 30% predominately fine to coarse, 
hard, subrounded to subangular gravel; about 15% nonplastic 
fines, no dry strength, rapid dilatancy, low toughness; maximum 
size 60mm, dry; weak reaction with HCI. firm, weakly cemented.  

30.6 - 44.6: POORLY GRADED GRAVEL WITH SAND (GP)s; 
About 60% predominately fine to coarse, hard, subangular gravel; 
about 35% predominately fine to medium sand; about 5% 
nonplastic fines, no dry strength, rapid dilatancy, low toughness; 
maximum size 170mm, dry, light brown; weak reaction with HCI; 
firm, weakly cemented.  

44.6 - 47.8: POORLY GRADED SAND WITH GRAVEL (SP)g; 
About 60% predominately fine to medium sand; about 35% fine 
to coarse, hard, subrounded to subangular gravel; about 5% 
nonplastic fines, no dry strength, rapid dilatancy, low toughness; 
maximum size 160mm, dry, light brown; weak reaction with HCO; 
firm, weakly cemented.  

47.8 - 52.5: NO RECOVERY 

52.5 - 55.6: WELL GRADED GRAVEL (GW); About 95% fine to 
coarse, hard, subrounded to subangular gravel; about 5% fine to 
coarse, subrounded to subangular sand; maximum size 190mm, 
moist; no reaction with HCI; approximately 30% of gravel is 
caliche coated.
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#14 SHEET 2 OF 11 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,308.73 E 571,065.44 GROUND ELEVATION: 3651.52 

BEGUN: 9/13/2000 FINISHED: 9/27/2000 TOTAL DEPTH: 550.0 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK 101.8 ft. HOLE LOGGED BY: USBRISMF 

REVIEWED EY' Va M6cea o 

•z • CLASSIFICATION 

NOTES SHEAR WAVE VELOCIT CLASICATION 
is w AND PHYSICAL CONDITION 

UA v 
D 2 ________________ 

55.6 60.5 WaLGAE RVLW~ AD(W
55.6 - W0.5: WELL GRADED GRAVEL WITH SAND (GW)S; 

NR About 85% fine to coarse, hard. subrounded to subangular gravel; 
about 15% predominately fine sand; trace of fines; maximum size 
120mm, dry, light brown; weak reaction with HCI; soft weakly 
cemented.  

71 Qal 
5 GW 60.5 - 69.3: POORLY GRADED GRAVEL WITH SAND (GP)s; 

55 I• About 80% fine to coarse, hard, subrounded to subangular gravel; 
about 15% fine to coarse, subrounded to subangluar sand; about 

a*I 5% nonplastic fines, no dry strength, rapid dilatancy. low 
Qal toughness; maximum size 170mm, dry; weak reaction with HCI; 

43 (GW)s soft, weakly cemented.  

69.3 - 78.1: POORLY GRADED GRAVEL (GP); About 100% fine 
60 to coarse, hard, subrounded to suhangular gravel; maximum size 

i 120mm, moist; no to strong reaction with HCI.  
'.L. 78.1- 80.3: POORLY GRADED GRAVEL WITH COBBLES 

64 ) (GP)c; About 50% coarse, hard, subangular gravel; about 50% 
.0.- cobbles: moist cobbles have caliche coating.  

65-- (GP)s t!.. 80.3- 84.8: POORLY GRADED GRAVEL WITH COBBLES 
, . (GP)c; About 80% coarse. subrounded to subangular gravel; 

about 20% cobbles; moist 
58101.8 to 192.5 ft. COMB PEAK IGNIMBRITE -TUFF X('li): 

Pyrodastic flow, nonwelded, moderately indurated light to 
medium gray tuff with 10 to 15 percent, light greenish-gray, 

70 pumice dasts, up to 20 percent grayish-red volcanic lithic clasts 
7 and 2 to 3 percent phenocrysts of sanidine and plagioclse.  

Generally the tuff is slightly weathered (W4), moderately soft (H5) 
35 0 to soft (-6), and very slightly fractured (FD1). Both upper and 

- lower contacts are unconformable.  
Oal 
GP Discontinuity Measurements: 75- :l 

7547D o Depth Anale* Roughness Inl/lino 
47102.3 75 R2 5mm clay 

e- 115.8 05 R2 <1mm light brown stain 
, ,140.4 15 R2 dean 
0 172.5 25 R2 trace clay 
82 Qal 172.2 25 R2 trace clay 

GPc 188.0 20 R3 tol sand 
80- 189.9 30 R3 trace clay 

190.2 35 R3 3mm altered tuff 
190.9 30 R2 clean S' 49 Gal 

(GP)c 0 192.5 to 203.4 ftL POST TIVA CANYON BEDDED TUFFS 
0 " (TpbtSl: 

Nonwelded. devitrified, reworked (?) fallout tephra and pyroclestic 
85 FD5 100 73 flows separated by distinct paleosols. Bedded tufts are very pale 

Sorange with 20 to 30 percent pumice clasts and less than 1 
67 67 percent, pale red, volcanic lithic clasts. The tuff has up to 1 

FD6 7 Z percent quartz. sanidine and lesser plagiodase, with less than 1 
H6 101 percent biotite and manganese oxides. Generally the bedded 

tufts are very soft (H7), moderately weathered (W6). and slightly 
to very slightly fractured (FD2). The lower contact is 

90g- 88 88 unconfonrable.  

H-17 Discontinuity Measurements: 
FD4 

6 Deth Arle* Roughness Infilling 
88 63 Oal 197.3 20 R3 clean "201.8 45 R3 clean 

95-: 
H - " 203.4 to 275.0 ft. TIVA CANYON TUFF CRYSTAL RICH 

NON-LITHOPHYSAL ZONE (rpcm) 
NR 93 93 Pyroclastic flow, moderately to mostly densely welded, devitrified, 

pale red to grayish red, with up to 15 percent phenocryts.  
Phenocryts are mostly sanidine and plagiodase with some quartz 
and rare biotite. Rare pumice from 212.5 to 222.8 ft. and up to 15 

H6 F 3percent pumice cdasts from 222.8 to 269.0 ft. From 276.7 to 
288.0 ft. the tuff has up to 2 percent pumice dlasts and 5 to 8 
.rperent phenocyts of sanidine and plagioclase with rare biotite.  
Generally the tuff is moderately soft (H5) to mostly moderately 

5 10 6 hard (H4), moderately to slightly weathered (W4), and intensely 
to moderately fracture (FD6). The lower contact is conformable.  

10 Discontinuity Measurements: S, ~~Tpki ..  

H,-6 FD 100 94 : Depth Angle' Roughness Infilling 
O 203.6 40 R3 clean 

205.0 0 R3 8mm silica 
X 205.4 30 R3 trace white mineral 

ANL-M R-GE-00Ts RRV t t•h epatlmber2002

September 2002ANL-MGR-GE-000003 REV O00



GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#14 SHEET 3 OF 11 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,308.73 E 571,065.44 GROUND ELEVATION: 3651.52 

BEGUN: 9/13/2000 FINISHED: 9/27/2000 TOTAL DEPTH: 550.0 ft. ANGLE FROM HORIZONTAL: -9D 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 101.8 ft HOLE LOGGED BY: USBRiSMF 

REVIEWED BY fwta l.d(eowir 

I : HEA W V CLASSIFICATION 
NOTES AND PHYSICAL CONDITION 

0 r Ix L) ;7

110- ,. - 206.5 40 R3 trace white mineral 
206.9 20 R3 trace white mineral 
208.0 10-20 R3 4mm white mineral 

98 96 208.6 30 R2 0-5mm white minerat 
213.6 35 R2 dean 
214.7 10 R2 dean 
215.8 10 R3 dean 

115-- 100 100 "'*. - 218.1 30 R3 dean "223.5 25 R3 dean 
223.7 50 R3 dean 
224.7 40 R2 dean 
225.3 20 R2 dean 
227.8 15 R3 clean 
228.4 25 R2 sand 
230.0 05 R3 dean 234.7 40 R2 dean 

96 88 238.4 30 R2 trace white mineral 
240.1 55 R2 dean 
243.3 65 R2 dean 
250.1 05 R2 10amm tan day; polished; 

slickansided "12"253.2 40 R2 sand; gravel 125- 253.9 30 R3 dean 
256.3 45 R2 sand 
256.7 15 to 40 R2 sand 
257.3 60 1rmm white mineral 

97 97 267.4 10 R3 dean 
7 267.7 60 R2 2mm silica 

268.0 0 R3 dean 
130-' 268.4 0 R3 sand 

268.8 20 R3 dean 
268.9 25 R3 dean 
269.3 30 R3 dean 
270.5 10 R2 trace white mineral 
270.7 20 R2 trace white mineral 
273.4 15 R3 dean 

135-- 96 96 274.3 15 R3 dean 

275.0 to 395.0 ft. TIVA CANYON TUFF CRYSTAL POOR 
UPPER LITHOPHYSAL ZONE (Tpcpul) 
Pyrodastic flow, densely welded, grayish orange to pale red, with 

"H6 FD1 Tpki 2 to 5 percent lithophysal cavities. up to 20 by 40 mm in size.  
-6 FD1Tpi"-- Lithophysae Increase to 15 percent at 310.0 ft and up to 25 

percent at 320 fL, with up to 50 percent cavities partially filled 
with silica. Phenocryts compose less than 1 percent of the tuff 
mostly sanidine and plagiodase with minor biotite. Also up to 3 
percent pumice dasts as large as 40 by 10 mm. Zones of 
nonwelded, fracture fill(?) from 334 to 359 8t., and 369 to 395 ft.  
composed of reworked and variously bedded day/silt sized, 

14 100 93 tuffaceous material. Generally the tuff is moderately soft (H5) to 
5- . mostly moderately hard (H4), slightly (W3) to moderately weathered (W5), and intensely to moderately fractured (FD6).  

Lower contact is conformable.  

Discontinuity Measurements: 

Depth Anole" Rouohness Infillina "275.9 20 R2 dean 

276.0 25 R2 dean 
278.7-279.4 30 R2 0.6' brecoa; sand & gravel: 

cemented 
279.6-280.0 60 R3 0.4' brecoia; sand & gravel; 

" •cemented 
280.1 35 R3 10amm breccia 

155- 99 99 282.0 30 R3 trace white mineral 
280.9-281.2 50-80 rotated; breccia "281.4 55 R3 breccia "284.0 20 R2 1-2mm silica 
283.1-284.9 0-20 R3 dean 
285.0 10 R3 Imm silica 
285.3 25 R2 dean 

160: 286.0 35 R3 trace silica 
287.0 25 R2 3mm silica 
287.6 25 R3 1mm silica 
288.4 60 R3 dean 
288.9 35 R3 clean 

-" 289.0 70 R3 clean 
c 289.3 • 15 R2 dean 

S165-: 100 100 289.4 65 R3 dean 
3, - 289.8 10 R3 2am silica 

C,- 290.7 25 R2 trace white mineral 
0291.4-291.6 35 R3 4rm clay, sand, gravel 

292.2 35 R3 gravel 
291.9 75 R3 2mm silica 
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#14 SHEET 4 OF 11 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,308.73 E 571,065. GROUND ELEVATION: 3651.52 

BEGUN: 9113/2000 FINISHED: 9127/2000 TOTAL DEPTH: 560.0 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK 101.8 i. HOLE LOGGED BY: USBR/SMF 

REV-EWED BY: Mast• Mceown 

NOTES SHEAR WAVE VELOCIT w ADCLASSIFICATION S_ AND PHYSICAL CONDITION 

________________ ~ ~ c x____ S , F _______________

170 100 100 292.3 80 R3 clean 
294.9 45 R3 day, sand "295.1-295.5 30 R3 breccia, sand, gravel, tIn day 

-295.8296.0 50 R3 brecca, sand, gravel, tr. day 
298.6 30 R3 <1 mm silica 
299.2 65 R3 clean 
299.8 25 R3 clean 

FD1 .DI 299.7 20 R3 clean 
17 100 90 304.2-306.0 70 R2 day, sand, gravel 

306.8 30 R3 Imm silica 
307.2 35 R3 1rmm silica 
"308.9 60 R3 20mm slica 
308.4 25 R3 2mm sMica 310.4 35 R2 1mm quartz 

"310.6 30 R3 none 
180-- 311.3 55 R3 none 

Tpl i 311.8 55 R3 none 
H6 312.0 45 R3 sand, trace quartz 

312.2-313.3 45 R2 breccla; sand & gravel 
313.8 05 R3 1amm vapor phase minerals 
314.5 35 R3 sand 
315,2-316.1 45 R2 breca; sand, gravel, clay 

185-- 100 80 317.0-320.3 20 R2 sand, gravel, day 
3225 65 R2 none 
322.8 05 R2 trace white mineral 
322.9 70 R2 none 

j "', 323.4 50 R3 none 
.. , 321.0 60 R3 8mm vapor phase alteration 

326.3 10 R3 1.2' clay, sand, gravel 

327.3 50 R3 dean 
329.2 05 to 35 R2 15mmcday 

81 74 344.8 5 to 15 R4 lmm clay 
FD2 349.0 05 R3 <lmm white mineral & clay 

351.7 35 R3 <1am clay() & MnO(?) 
358.0-358.9 85 R2 clay, sand, gravel breccia 
359.2 40 R3 1 mm clay 

195 359.9 25 R2 3mm sand, gravel, day 
360.4 30 R2 clean 
361.6 25 R3 clean 
362.2-362.4 65 R2 sand, gravel, clay, MnO 
363.4 70 R3 trace white mineral 

Tpbt5 364.0 35 R3 clean 
H7 364.6 55 R3 trace white mineral 

364.8 20 R2 MnO coating 
2 , 366.8-367.5 40 R3 day, sand. gravel 

395.0 to 443.7 ft. TIVA CANYON TUFF CRYSTAL POOR i ~MIDDLE NON-LITHOPNYSAL ZONE (Trp<pmn) 

Pyroclastic flow, densely welded, devitrified, pale red. tuff with 
-- 7- less than 1 percent lithophysae up to 50 by 10 mm. Less than 1 
> . .. -. " percent phenocryts of sanidine, plagioclase, and biotite. The tuff 

2 94 46 has I to 2 percent very light gray pumice clast andp mnk 
spherulites. and upto 10 percent volcanic Ithic fragments. Zones 
of nonwelded, fracture fill(?) from 402.7 to 431.7 ft., 434.0 to S~FD6 .'"435.8 ft., and 442.4 to 413.7 fti. composed of reworked and 

- •" _ variously bedded dlay/sift sized, tuffaceous material. Generally 
*O the tuff is moderately soft (H5), moderately to slightly weathered 
21I>0 - (W4), with fracture densities ranging from slightly fractured (FD3) 

210 ,- to very intensely fractured (FD8). Lower contact is conformable.  

C - Discontinuity Measurements: 

-_ Deth Anole' Rouohness Infillinq 
V9 60 R3 2mm clay "- 368.9 05 R2 day, sand, gravel 

370.0 30 R3 MnO stain & 5mm clay 
21 100 60 > 373.7 15 R4 contact between clayey 

--Tp " -infilling material at Tpc 
373.9 60 R2 2mm silica - O'• 374.3 35 R2 

374.3 55 R2 
- 374.8 60 R2 trace of clay 

FD5 375.1 quartz filled lithophysal cav.  
220-: .25mm thick c: .*- 375.4 50 R3 trace of clay S375.'6 60 R4 

3786 45 R3 trace of clay S" ' 378's 35 R3 Si92 25 ,,! 378.8 60 R3 S25- •',I' •'•• 379.0 0 R4 lmin silica 
3.. 225'- 379.6 15 R4 trace silica is378.8 60 R3 

• 380.0 75 R3 lmm siica 
3807.62 65 R3 trace silica o f 56 380.7 05 R3 
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#14 SHEET 5 OF 1I 

FEATURE; Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765.308.73 E 571,065.44 GROUND ELEVATION: 3651.52 

BEGUN: 9113/2000 FINISHED: 9127r2000 TOTAL DEPTH: 550.0 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 101.8 ft. HOLE LOGGED BY: USBR/SMF 

REV:EA.ED Sý Mark fhc*(eoim 

NOTES SHEAR WAVE VELOCIT 8 Z CLASSIFICATION 
ets 0 C, 0 AND PHYSICAL CONDITION 

-L U

230: 

235

2407 

245 

25

255

260

265

270

275

280

285-

FD5

N

"- 443.7 to 455.6 fit. TA CANYON TUFF CRYSTAL POOR 
LOWER LITHOPHYSAL ZONE (TpcpII) 
Pyroclastic flow, densely welded, devitrified, moderate orange 
pink tuff with 1 percent very light gray pumice. Phenocryts of 
sanidine and rare biotite compose less than 1 percent of the rock 
by volume. Lithophysal cavities compose up to 15 percent of the 
rock by volume and are generally 20 by 30 mm in size.  
Lithophysae are filled and coated with vapor phase minerals to 
varying degrees. Generally the tuff is moderately hard (H4).  
slightly weathered (W3). and intensely fractured (FD6). Lower

381.0 28 
380.8 55 
381.4 20 
381.5 10 
381.7 20 
382.0 15 
382.2 15 
382.1 45 
382.3 20 
382.8 70 
382.9 35 
383.3 30 
383.7 05 
384.5 10 

- 384.7 60 
384.7 35 
384.9 20 
384.9 25 
385.0 35 
386.1 10 
386.4 40 
386.7 80 
387.8/387.9 75 
coated 
388.7 20 
389.3 75 
389.5 75 
389.8 80 
390.4 80 
390.7 45 
390.8 75 
391.5 80 
392.1 75 
392.2 40 
392.6 75 
392.8 35 
392.9 80 
395.2 45 
396.8 75 
398.8 80 
399.5 5 
400.3 15 
400.7 80 
401.7 0 
401.4 80 
403.8 20 
408.6 45 

408.91409.9 40 

"409.9/413.4 40 

417.8 10 
422.9 10 
next run 
429.9 10 
428.0 20 
431.1 10 
432.2 20 
432.4 15 
432.6 25 
433.0 20 
434.0 15 "435.9 15 
437.3 80 
438.7 75 
clay 
440.3 15 
441.3 75 
441.4 65 
441.8 85 
442.0 85 
442.1 15

91 1 56

90 1 69

86 

46

18 

0

H4

H4

Tpcm

FD41 1001 54 Tpcpul

FD3 

FD7 

FD9 

FD6

FD9

F14 

FD9

77 38

341 0

81 

97

0 

23

99 1 32

0 

I
0 
(2 
is 
I S 
0.  

is 
I 
S 
(2 
0 

is 
I 
S

FD8 1 98
0
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R3 
R3 
R4 
R4 
R4 
R3 trace of clay 
R3 trace MnO, trace clay 
R3 
R3 
R3 
R4 trace MnO 
R4 
R4 trace silica, btace clay 
R2 
R3 
R3 
R3 
R3 
R3 
R4 
R4 
R3 
R2 3 anastamosing vpps. vp 

R4 
R5 
R3 trace MnO 
R4 
R3 vapor phase (Vpp) 
R4 
R3 vapor phase (Vpp) 
R4 
R3 
R4 trace vapor phase 
R2 vapor phase to 2mm (Vpp) 
R4 
R2 vapor phase to I mm (Vpp) 
R3 
R2 vapor phase (Vpp) 
R2 
R3 
R3 trace MnO 
R2 vapor phase (Vpp) 
R3 
R4 
R2 day 0.5 2cm 
R4 contact (?) between cobble 

pumiceous, lithic-rich inrilling 
R4 well cemented pumiceous 

lithic-rich infilling wfTpc frags 
R3 tuffaceous infilling w/<15% 

white/gray altered pumice 
R5 cday 20ram 
R5 clay 30mm+ extends into 

R4 bedding; f.grained 
R4 bedding; f.grained 
R3 2mm clay 
R3 trace white mineral 
R3 trace white mineral 
R3 trace white mineral 
R3 1-4mm tuff 
R4 tuff 
R3 1mm clay & white mineral 
R2 vpp alteration 
R3 trace white mineral; 5mm 

R3 trace white mineral 
R3 trace white mineral 
R3 trace white mineral 
R3 trace white mineral 
R3 trace white mineral 
R4 day; tuff

H5



GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#14 SHEET 6 OF 11 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,308.73 E 571,065.44 GROUND ELEVATION: 3651.52 

BEGUN: 9/13r2000 FINISHED: 9/27S2000 TOTAL DEPTH: 550.0 ft. ANGLE FROM HORIZONTAL: -g0 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK. 101.8 ft. HOLE LOGGED BY. USBRISMF 

REV*EWED BY Mark Md~eow 

WAVE VELOCI CLASSIFICATION 
NOESHR AND PHYSICAL CONDITION 

W 

98 0 contacisconformable.  
290-: Discontinuity Measurements: 

o n.. • Depth AnWe* Roughness Infillino 66 0 .' 443.7 60 RN 1rm day 

.2 444.2 75 R2 dean 
444.9 60 R2 dean "445.1 35 R2 dean 295 ._ 

295- 446.3 15 R2 trace white mineral; sand 
100 0 446.8 30 R2 sand 

447.2 30 R2 sand 
" " 453.7 60 R2 1mm silica 

,b. 455.6.0 to 550.0 ft. TIVA CANYON TUFF CRYSTAL POOR 
FD8 91 0 LOWER NON-LITHOPHYSAL ZONE (TpCPin) 

300-- Pyroclastic flow, densely welded, devitrified, moderate orange 
, } pink tuff with less than 1 percent light gray pumice dasts.  

Phenocrysts of sanidine and plagioclase compose 1 to 2 percent 
of the rock by volume. Reddish brown lithic dasts compose less 

H4 1 percent of the rock by volume. Generally the tuff is moderately 
89 13 , hard (H4), slightly weathered (W3), with fracture densities 8 13. ranging from slightly fractured (F03) to intensely fractured (FD6).  

305- ... Lower contact undetermined, bottom of borehole at 550.0 ft.  

4;', Discontinuity Measurements: 

Depth Angle* Rouohness Infillino 78 0 455.7 40 R3 dean 
-,T- 456.4 20 R3 0 to I1rm silica 

310- jzt.ý 458.0 45 R3 dean 
f:•' 458.1 35 R3 3mm silica 

Tpcpul . 460.2 60 R2 trace white mineral "460.0 30 R3 trac white mineral 
. 460.4 70 R2 dean 

460.9 65 R3 trace white mineral FD6461.1 85 R3 trace white mineral 
-315• 461.3 35 R4 MnO & trace white mineral 

315- - 461.8 60 R3 dean 
462.1 60 R4 dean 

" 462.7 30 R3 dean 
463.1 25 R4 trace white mineral 

H5 FD8 74 0 ' 463.9 75 R4 dean H5 464.1 55 R3 trace white mineral 
in. 464.8 35 R3 trace white mineral 

320- - 465.0 55 R4 dean 
465.5 65 R4 dean 
5 4*5.9 70 R4 trace white mineral 

83 38 466.3 65 R4 trace white mineral 
467.0 20 R3 trace white mineral 
467.1 75 R2 trace white mineral 

;.. 467.3 50 R2 4mm sand & silica 
325; H4 FD6 ,• 467.7 50 R3 trace white mineral 

o - 468.0 80 R4 trace white mineral 
e.• 468.2 55 R4 clean 

91 41 468.4 80 R4 dean 
468.5 35 R4 trace white mineral 
488.7 60 R4 dean 
469.0 70 R4 dean 

330 469.4 45 R4 trace white mineral 
470.0 60 R2 trace white mineral 

- 471.2 80 R2 trace white mineral 
"FD8 6 0 o:. 472.4 80 R3 trace white rmineral 

_., 472.8 80 R2 trace white mineral 
473.1 75 R3 trace white mineral 
474.5 10 R2 trace white mineral 
476.8 80 R2 trace white mineral 

"1 335 100 84 7 476.2 80 R1 trace white mineral; trace 
o silica 

477.3 75 R1 trace white mineral 
.. 478.4 85 R1 vapor phase aiteration-2mm 

478.5 55 R3 trace white mineral 

H7 74 47 479.0 60 RI trace white mineral 
480.3 70 Ri 2mm vapor phase minerals 

34o-- (healed) 
FD2 (Fracture 480.9 75 R1 2mm vapor phase minerals 

Fill) (healed) 
482.4 55 RI 2mm vapor phase minerals 
(healed) 

. 483.1 45 R4 trace white minerals 
484.4 65 R4 dean 

3 134 484.6 60 R4 dean 
O 485.4 80 R2 trace white mineral 

"485.6 75 R4 dean S485.9 50 R4 trace white mineral 

ANL-MGR-GE-000003 REV 00 1-8 September 2002



GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#14 SHEET 7 OF 11 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,308.73 E 571,065.44 GROUND ELEVATION: 3651.52 

BEGUN: 9/13/2000 FINISHED: 9/27/2000 TOTAL DEPTH: 550.0 ft. ANGLE FROM HORIZONTAL: -0 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 101.8 ft, HOLE LOGGED BY: USBRISMF 

RPEV.EAED51 t.V•tai keowr' 

v• llZl . i ccG 

in CLASSIFICATION 2_I•• I-_.  

NOTES SHEAR WAVE VELOCIT" 0z0 ANDPHSICAL ION fvs In z° S2 AND PHYSICAL CONDITION 

-2.-.

35 

36&

365

370-: 

375-.  

380

385

390

395

400

405-

FD5 

FD6

89 

84

H7

67 

32 

5-7

F04 86 1 17

486.2 70 "487.3 85 
487.0 80 
488.2 60 "489.1 60 
489.7 30 
490.0 60 
490.0 50 
494.0 0 
493.8 30 
493.4 35 
mineral 
492.8 20 
491.9 40 
491.8 80 
491.6 30 
491.2 10 
495.0 05 
495.3 60 
495.9 75 
497.4 80 
498.0 65 
498.6 80 
498.9 60 
499.2 70 
499.4 80 
499.6 80 
499.8 05 
504*0 10 
503.4 85 
504.5 15 

- 506.8 80 
- 507.5 35 

508.4 65 
500.6 70 
500.7 70 
501.6 75 

_ 501.7 70 
- 502.1 75 

502.3 70 
- 502.6 65 

502.7 75 
502.8 15 
503.2 85 
512.1 65 

" 512.9 80 
- 513.0 70 

514.0 25 "514.2 75 
514.3 10 
515.6 15 
516.4 15 "517.8 10 

= 517.9 15 
520.4 70 "520.6 75 
520.9 80 
520.5 80 
521.2 85 
522.0 10 
522.6 15 
523.3 80 
523.8 80 
524.0 25 
526.0 25 
breccia 
528.4 75 
528.9 60 
529.3 65 
529.4 70 
530.4 25 
slickensides: 

S 53.8 55 
531.2 40 
531.7 80 
531.5 10 
532.0 50 
532.1 15 
532.5 55 
532.7 40 
532.8 50 
533.0 70 
533.1 75 "533.2 70

H4

H6

57 18

FD6

FD3

(Fracture 
Fill)

Tpcpul

(Fracture 
Fill)

87 38

1 781 64

1001 86 1

96 1 19

FD7 

FD9 

FD8 

FD6

FD3

FD3

I
0 
C 

B 

0.  
0 

.-. I 
B 
0 
0 

I

H3 

H6 

H4

Tpcpmn

(Fracture 
Fill)

95 75
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R4 dean 
R3 trace white nineral 
R2 dean 
R3 trace white mineral 
R3 trace white mineral 
R3 trace white mineral 
R4 trace white mineral 
R4 trace white mineral 
R2 MnO stain 
R3 trace white mineral 
R3 MnO stain; trace white 

R2 dean 
R3 dean 
R3 brace white mineral 
R3 dean 
R3 dean 
R2 trace MnO & white mineral 
R3 dean 
R3 dean 
R3 dean 
R3 dean 
R3 clean 
R3 trace white mineral 
R3 dean 
R3 dean 
R3 dean 
R3 dean 
R3 trace MnO & white mineral 
R3 trace MnO & white mineral 
R3 trace MnO & white mineral 
R3 trace white mineral 
R3 dean 
R2 trace white mineral 
R3 trace white mineral 
R3 trace white mineral 
R3 dean 
R3 trace white mineral 
R3 trace white mineral 
R3 trace white mineral 
R3 trace white mineral 
R3 trace white mineral 
R3 trace white mineral 
R3 trace white mineral 
R3 trace white mineral 
R3 trace white mineral 
R2 3mm vapor phase mineral 
R2 trace white mineral 
R2 trace white mineral 
R2 trace white mineral 
R3 dean 
R2 trace MnO 
RI trace clay 
R2 I mm day, sand 
R2 MnO, white mineral stain 
R2 MnO stain 
R2 dean 
R3 dean 
R3 MnO stain 
R3 clean 
R3 dean 
R2 15-40mm sand 
R2 gravel fragments 
R3 healed 
R2 0.4ft. Sand, gravel, & day 

R3 brace white mineral 
R2 dean; slickensides 
R2 dean; slickensides 
R2 dean; slickensides 
R2 3 to 8rnm day; 

polished; hard 
R2 dean 
R2 clean 
R2 trace MnO 
R3 MnO stain 
R3 MnO stain 
R3 MnO stain 
R2 sand 
R2 trace day; sand 
R3 sand 
R2 sand & gravel 
R2 sand & gravel 
R3 dean

FD51 100 163

ANL-MGR-GE-000003 REV 00 1-9 September 2002
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#14
FEATURE: Waste Handling Building 

LOCATION: ESF North Portal Pad 

BEGUN: 9/13/2000 FINISHED: 9/27/2000 

DEPTH TO WATER: Not Encountered

PROJECT: Yucca Mountain Project 

COORDINATES: N 765,308.73 E 571,065.44 

TOTAL DEPTH: 550.0ft.  

DEPTH TO BEDROCK: 101.8 ft.

STATE: Nevada 

GROUND ELEVATION: 3651.52 

ANGLE FROM HORIZONTAL: -0 

HOLE LOGGED BY: USBR/SMF 

REV-EEWDS'" VaiimMo~eowr

H4 Tpcpln

ANL-MGR-GE-000003 REV 00

SHEET 9 OF 11
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#14 SHEET 10 OF 11 

FEATURE: Waste Handling Bulding PROJECT: Yucca Mountain Projct STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,308.73 E 571,065.44 GROUND ELEVATION: 3651.52 

BEGUN: 9/13/2000 FINISHED: 9/27/2000 TOTAL DEPTH: 550.0 ft. ANGLE FROM HORIZONTAL: -9b 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 101.8 It HOLE LOGGED BY: USBR/SMF 

REVIEWED BY: Mawk Mdco=w 

SCLASSIFICATION 
NOTES SHEAR WAVE VELOCIT'UCASFCTO ow AND PHYSICAL CONDITION 

!• ~ z~l Mw x

5307 

535

540

5457

H6

H4

FD4 99

FD61 100

FD51 100

BO'r'OM OF HOLE

54

18

36

Tpcpin

*1

____________________________ L __________________________________________________________________ n 
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#14 SHEET 11 OF 11 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,308.73 E 571,065.44 GROUND ELEVATION: 3651.52 

BEGUN: 9/1312000 FINISHED. 9/27/2000 TOTAL DEPTH: 550.0 ft. ANGLE FROM HORIZONTAL: -90U 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 101.8 ft. HOLE LOGGED BY: USBR/SMF 

f s'-iEZ•. [B' ttia, MLlKe-e.

USGS USCS 
Poony-graded Poorly-graded 

Gravel with Gravel with 
Silt Sand 

(GP-GM) (GP)s 

[~JM115

Tuff "x" 
(Tpli) 

W
Post Tha 
Canyon 
Bedded 

Tuff 
(Tpbt5

Tpas'

USCS 
Well-graded 

Gravel 
(GW) E

TpIcpi

SOIL 
USCS 

Silty Sand 
with Gravel 

(SM)9

ROCK

USCS 
Poorly-graded 

Sand with 
Gravel 
(SP)g .1

Fracture Fill 
Materl

Tpcpmns

k0 0

NO 
Recovery

USeS 
Wetl-graded 
Gravel with 

Sand 
(GW)s

Tpcpli

USG 

Gravel 
(GP) Flr

Tpcpln

1771 
l:t..oA

WELDING

A..pha-runexuc Desco..ptor 
descriptor 

H- Cxtreme-y

H2

H4 

H6 

H7

Non-Welded 

H
entmS

Coteri a 

Core, fragient, or exposure cannot 
be scratched wtt knofe or sharp pick; 
can on y be ctpped wsth repeated seavy 
shamer blows.

Very Hard Cannot be scratched wuth knife or sherp 
pick. Core or fragment breaks w..t.  
repeated heavy hamer b.ous.  

Hard Can be scratcsed wuts kntfe or s-iarp 
p.ck sw*t-h d..ff.cu.ty (heavy pressure).  
Heavy hamner b.ow required to break 
spectmen.  

Moderate.y Hard Can be scratched wuts knife or siarp 
pTck w- th .. gst pressure. Core or 
rane.nt breaks u.in moderate hanmer 

Moderate-y Soft Can be grooved -/'6 Lnco (2ro) deep by 
suarp pick utt noderate or seavy pressure.  

Core or franmest breaks . it g -qt -lamer 
bkow or ieavy manua. pressure.  

Soft Can be grooved or gouged easily by kn..fe 
or soarp pick wuth .igst pressure, can be 
sratched u to f.ngernai. Breaks woh 
.. gIt to moderate manua. pressure.  

Very Soft Can be read..y.indented, grooved or gouged 
s..th f~gernat., or carved wit-i a kn-fe.  
Breaks wtti ..ggt manua. pressure.

A-psa-sunerrc 
descrtptor 

W

W2 

W3 

W4

W6 

W7

W9

A-pha-numertc 
descriptor 

FDC

Descriptor 

Usnfractured

Densely Welded 

Desctiptor 

Fresn 

S--?htny weathered 
to fresh 

S-.ght-y weatoered 

Moderate.y to 
s-.gnt-y weathered 

Moderatey weathered 

-ntense-y to 
moderate- y weathered 

Intense-y weathered 

Very .ntense-y 

weathered 

Decomposed

FrACTtLtX DENSITY 

Cr-ter.a 
(fxtcudes mecianrca- breaks) 

No observed fractures.

Generas. caractertstlcs 
(strength, excavatton, etc.) 

Hamer rtngs whes crystait-ne rocks are 
struck. A-most auways rock excavation 
except for natura.ly weak or weakly 
cemented rocks such as Stitstones or shia-es.  

Hamrer rings wuen crysta.---ne rocks are 
struck. 3ody of rock not weakened. Witt 
few esceprtons, sucr as s.itstones or 
sha.es, ctasstfied as rock excavation.  

Hamner does not ring when rock ts struck.  
Body of rock -s s-gnt..y weakened.  
Depend.ng on fracturtng, usua-.y ts rock 
excavation except on natural.y weak rocks 
such, as sý _tstones or sha-es.  

Duo- sound w-ien struck with iammer, 
usua..y can be broken wuth moderate to 
heavy nanual pressure or by .- iqgnt hacmer 
bow w.trout reference to panes of 
weakness suco as tnc.ptest or oa.ri-ne 
fractures, or vetnoets. Bock -s 
significant..y weakened. Jsua2.y common 
excavation.  

Can be granuuated by nand. Always common 
excavator. aeststant rnurans nCut as 
quartz nav be present as "strsngers" or 
"dikes".

Very s.gh-it-y fractured Core recovered most-y tn :ensgths greater than 3 feet I. n).  

S-tght.y to very 
sl-iht-y fractured

S ight.y fractured 

Moderate:y to s..ght.y 
fractured 

Moderate y fractured 

Moderate.y to tntense.y 
fractured 

:ntense-y fractured 

Very sntense y to 
i.ntensely frectured

Core recovered mostuy in -engths from 1 to S feet (S00 to ,000 rs) with few 
scattered .engths .ess than : foot (300 r-) or greated than 2 feet G,000 -n).  

Core recovered most.y in -engths from 0.3C to i.0 foot (1S0 to 300 m) wutt most 
.engths about 0.67 foot (200 m)l.  

Lengths averaxe fron C.- to 0.35 foot (30 to C00 i) wuto fragenented .ntervals.  
Core recovered nosty tn -engths -ess touan 0-. foot S00 m)

Very sntenese.y fractured Core recovered most y as cs..ps and fragments uth a few scattered scort core :engths.

Quaterny 
Alluvium 

(I)

/5 
I
C 
C, 

I 

a 
C, 
0 

-. I

F02 

FD1 

FD4 

FDz 

FD6 

F07 

FD8 

FD9
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#15 SHEET 1 OF 7 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,773.64 E 570,224.65 GROUND ELEVATION: 36W0.98 

BEGUN: 8/30/2000 FINISHED: 9/11/2000 TOTAL DEPTH: 330.0 ft. ANGLE FROM HORIZONTAL: -9) 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK 5.0 ft. HOLE LOGGED BY: USBR/SMF 

REVIEWED BY Maut, LAeow'r 

S-- CLASSIFICATION 

NOTES SHEAR WAVE VELOCIT, Z CA I A O 

W W 1. AND PHYSICAL CONDITION 2 

Purpose of Hole: 0.0 to 6.5 ft. PAD FILL fFlit) 
Preliminary, conceptual-level 0.0 - 5.0: POORLY GRADED GRAVEL (GP) 
geotachnical foundation 0 FllPredoninately fine to coarse, hard, subangular gravel with a trace 
investigations for the design of i Fill of nonplastic fines on gravel surfaces; derived from moderately to 
the Waste Handling Building densely welded Tuff.  
(WHB). 6.5 to 76.0 ft. TIVA CANYON TUFF CRYSTAL RICH 

cr NON-LTHOPHYSAL ZONE (Tpcm'n) Drill Equipment: FD7astic flow densely welded, Schramm T685 Drill Rig, UDR 44 Pyolsi flw desl-edd eirfelgtga opl e 
100Drl-Rgtuff with 15 to 20 percent phenocrysts of plagioclase, sanidine.  

and minor (less than 1 percent) biotite. Pumice cdasts compose 
Drillers: FD6 g2 30 up to 10 percent of the tuff, pumice cdasts increase to up to 25 to 
D. Harrison, R. Mckay, D. Fyffe; - •30 percent at a depth of67.4 feet Generally the tuff is moderately 

hard (H4). moderately to slightly weathered (W4), and intensely 
Dynatec Drilling Inc.; Salt Lake 10- 1O , to moderately fractured (FD6). Upper contact is unconfonmable 
City, Utah. , > (erosional), lower contact is conformable.  

Drilling Method: Discontinuity Measurements: 
Install 12" hammer. Hammer to FD4 60 0 
5.03. Cement 10.75 O.D. casing Depth Angle" Roughness Infilling 
with 1.38 stickup. Re-enter hole 5.2 30 R3 0.5" calcite 
on 8/30/2000 with PO coring 15- 1 6.8 65 R2 1.0" Calcite 
system. Cored with PQ to 77.16. _ 7.1 80 R2 0.25" Calcite 
Used PQ rods as casing and 0 f C>6 8.7 30 R3 Clean 
installed HQ coring system. 9.2 25 R2 0.1" Calcite 
Cored with HO to the total depth 1.. 9.2 70 R2 0.25" Calcite 
of 330.00. 11.2 30 R2 0.5 Calcite 

13.7 40 0.1" Clay & Sand 
Drilling Conditions: 20- 14.8 10 R3 Trace Clay 
77.16 to 289.26 replace bit. FD6 18.0 10 R3 0.3" Calcite & Clay 

16.8 40 R3 Clean 
- 17.8 70 R2 Clean Drilling Fluid: 3 1. 18.5 65 R12 Clean 

0.00 to 5.03: Non-potable water. .. 0 5C 
5.03 to 330.00: Quick Gel mud - 19.0 35 R2 Clean 

wih ZMu ndLM o36 20.0 05 R2 0.15" Calcite with EZ-Mud and LCM to • > " 22.4 55 R3 Clean 
re-establish ciculation. 25- 24 55 03 Clan o 24.5 30 R2 0.25" Clay 
Loss Intervals: ioo 1 0 .25, 24.8 50 R3 <0.1" gray non-crystalline 

25.1 60 R2 <0.1" gray non-crystalline 
Lost circulation from 51.00 to H4 87 Tpcmr 26.6 70 R3 Clean 
330.00. 27.1 60 R3 Trace Fe 28.4 25 R3 Quartz & Clay 

Casing Record: 29.0 40 R3 Clay 
0.00 to 4.63: 10.75 O.D. casing. 30- FD4 29.3 30-90 R3 Calcite? & Clay 
0.00 to 77.16: PO casing 65. 32.6-32.8 15 R3 Quartz & Clay 
77.16 to 330.00: No casing 34.5-35.3 20 R3 Clay & Pumice 

-.l 34.4 90 R3 Clean 
Hole Completion: 3 34.9 90 R3 Clay & Pumice 
Ream hole from 5.03to 330.0. 38.5 45 R2 Clean 
Set and cement 4.5" PVC casing. 43.4 -43.6 10 R3 Clean 

35 84 49.3-49.5 45 R2 Trace Clay 
49.6-50.3 5-10 R3 Trace Clay 
49.6-49.9 10 R3 Clean 
53.1 45 R3 Trace Clay 

FD3 0 55.1 -57.8 0-5 R4 White mineral, Clay 

59.6-59.7 50 R3 Clay 
61.7-62.1 10 R3 Trace Clay 

40 80 65.6- 66.7 10 R3 Breccia zone S65.3 65 R3 Sand 
S 67.7 65 R3 0.1" Vapor-phase coating 
68.8 70 R2 0.1" Vapor-phase coating, 

sand 
69.8 30 R3 0.1"Quartz. Sand 

?O- 70.5 30 R2 Sand 
45 4 , - 68.4 60 R1 Vapor-phase parting 

;. 71.4 60 R2 0.1 " Vapor-phase 
84 47 717 60 R3 0.1" Vapor-phase 

D 3 .•,- 72.2 85 R3 0.1" Vapor-phase 
72.8 50 R4 Paper thin white mineral 
73.2 55 R3 Clean 
74.1-74.4 40 R3 0.2" Breccia - ciay, sand.  

tO COMMENTS: 1. Al measurements are in feet unless noted otherwise.  

2. No attempts to re-estabfish circtulatior were made bekow 278 ft.  

3. LCM (Lost Circulation Material) consists celelphane cuttings.  
t 4. USCS classifications were determined in the field, with himted access to samples to 

keep samples intact for future tests.  

S. Shear Wave Velocity data from GeoViSion suspension logging. Data acquired from 
downhole survey conducted after PVC casing installed.  

cc 6. USCS soil classifications are based on USSR Earth Manual procedure 5005 
X Determining Unified Soil Classification (Visual Method)
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#1 5 SHEET 2 OF 7 

FEATURE: Waste Handling Buiding PROJECT: Yucca-Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,773.64 E 570,224.85 GROUND ELEVATION: 3680.98 

BEGUN: 8/30/2000 FINISHED: 9111r2000 TOTAL DEPTH: 330.0 ft. ANGLE FROM HORIZONTAL: -9b 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 5.0 ft. HOLE LOGGED BY: USBR/SMF 

ENSIERN 

W Z CLASSIFICATION NOTES SHEAR WAVE VELOCIT' A N D SICA CON S• o z u _ AND PHYSICAL CONDITION 

0.2 

FD7 grave "> 74.6-74.7 40 R3 0.1" Braci -ay. sand.  
P'- gravel 

100 0 , 75.0 25 R2 Clean 
FD8 76.0 30 R2 Fine gravel 

77.6 45 R3 Trace white mineral , 78.3 55 R3 Trace white mineral 
S. 78.8 70 R3 0.1" Calcite 

- 79.5 65 R3 Clean S97 11 80.1 25 R2 1.75- Sand, gravel, Calcite 
80.6 35 R2 Trace Calcite 
"80.8 70 R3 Trace Caldte 
82.3 55 R3 Clean 
82.7 85 R3 Trace Calcite 

60 FD7 80 83.2 60 R3 Trace Calcte 
0 .- 83.6 60 R4 Trace Calcite 

85.1 55 R3 1mm crystal Calcite, quartz? 
85.3 30 R3 I mm Calcite & clay 

86 o- 85.7 55 R3 Clay & trace Calcite 

100 40 Tpcm . 78.0 to 196.0 ft.T IA CANYON TUFF UPPER CRYSTAL 
65- POOR LITHOPHYSAL ZONE (Tpcpul) 

Pyroclastic flow, densely welded, pale reddish-brown tuff with up 
FD6 96 0 to 10 percent lithophysae with light gray crystal coatings.  

-. " PhenocrYsts compose less than 5 percent of the tuff, consisting 
. of plagiodase, sanidmne, and biotite. At 150.0 feet Ithophysae "* content decreases to less than 5 percent. becoming mostly 

grayish vapor phase mottling. Generally the tuff is moderately 
70 61 hard (H4), moderately to slightly weathered (W4). and intensely 

, to mosty moderately fractured (FD5). Lower contact is 
FD4 conformable.  

Discontinuity Measurements: 
82 0 Depth Angle* Roughness Infilling 

75 100 _ 93.0 35 R3 2mm Calcite 
93.2 80 R3 Trace white mineral "FD6 0 . 93.4 80 R2 Trace whitemineral 

, 94.3 55 R3 Clean 
- 95.6 30 R3 Trace white mineral 

101.0 35 R3 Trace white mineral 
,:, 105.6 50 R3 Clean "46 108.0 25 R3 Clean 80 109.4 45 R3 

109.4 45 R2 Clean 
FD5 111.6 60 R2 Clean 

-. 113.9 15 R3 Trace white mineral, I mm 

opal(?) S.n:. 117.0 60 R3 Trace white mineral .". 118,3 25 R2 2mm white mineral 
85 -- 120,9 30 R2 lmm white mineral 

122,3 35 R2 Irmm white mineral - i 122.9 10 R2 Clean 
123.9 30 R3 1 mm white mineral, sand 
129.4 40 R3 4mm white mineral 
130.1 90 R2 1mm white mineral "132.4 30 R3 Imm white mineral 

90. 131.7 75 R3 1imm white mineral 
90- 43 132.9 60 R2 Sand, gravel 
F07 43 0 t.', 138.4 40 R2 1ram white mineral 

136.5 10 R2 2mm white mineral 
139.3 40 R3 Trace white mineral 

Tpcpu -r 142.0 - 143.9 15 R3 4mm white mineral 
143.6 35 R3 lmm white mineral 

,145.6 60 R2 4mm2 clay 
147.2 70 R2 2mm white mineral 
147.6 90 R2 Clay & sand 
148.9 75 R2 Clean 

N b. 151.1 50 R2 Clean 
S153.0 40 R2 Clay & sand shear zone 

S53 " - 153.8-154.2 25 R3 lmmwhite mineral o.. 155.3 85 R3 Trace clay (gray) 
156.0 -157.4 0-5 R3 Trace white mineral 

C. 157.4 70 R2 1lmm white mineral 
159.2 35 R3 lmm white mineral 

S160.5 15 R2 lmm white mineral. sand 
162.1 55 R3 1mm white mineral 
164.8 30 R3 1mm white mineral 

o 165.8 20 R2 Sand 
10 FD8 100 - 167.6 90 R2 2mm vapor-phase minerals 

3: , 167.0 80 R2 2mm vapor-phase minerals 
0 !.j 169.9 15 R3 Trace white mineral 

171.1 00 R2 1Omm day & sand breccia 
FD7 88 10 172.2 45 R3 lmm white mineral 

173.2 35 R3 Sand , •:o.. -
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#15 SHEET 3 OF 7 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,773.64 E 570,224.85 GROUND ELEVATION: 3680.98 

BEGUN: 8/3012000 FINISHED: 91112000 TOTAL DEPTH: 330.0 ft. ANGLE FROM HORIZONTAL: -9t 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 5.0 ft. HOLE LOGGED BY: USBRISMF 

RE V.EWED 5" Mw% Mca(eoi' 

H W CLASSIFICATION NOTES SHEAR WAVE VELOCIT' a 9 D 

""NOTS• C_) AND PHYSICAL CONDITION

11 D7 88 10174.1 40 R3 4mm white rnneral. sand 
15FD7 88 10 1 1mm white mineral, sand 

175.7 80 R2 1mm white mineral, sand 
176.0 20 R3 3mm quartz 

o., 179.2 40 R2 Trace white mineral 
b: 180.6 30 R2 Trace white mineral 

1 81.0 25 R2 Trace white mineral, sand 
1192 5 181.8 70 R2 5mm vapor-phase atteration 

92559 2&259183.0 30 R3 Trace white mineral, sand 
183.2 25 R3 Trace white mineral, sand 
184.1 20 R3 Trace white mineral, sand 
186.0 80 R2 Trace white mineral, sand 

- 186.0 30 R3 Trace white mineral, sand 
186.5 15 R2 2mm white mineral 

120- FD4 -- 187.3 75 R3 lmm white mineral 
0 189.0 30 R3 lmm white mineral "190.6 85 R2 2mm vapor-phase alteration 

190.8 70 R2 Clean 
190.9 70 R2 Trace vapor-phase alteration 
191.0 30 R3 lmm white mineral 

88 € 193.1 70 R2 1rmm vapor-phase alteration 86 4612 195.1 25 R3 Imm white mineral. sand 125- oo 

. 196.0 to 242.4 ft TIVA CANYON TUFF MIDDLE 
,. • NON-LITHOPHYSAL ZONE (Tpcpmn) "Pyroctastic flow, densely welded, pale red tuft with less than 5 

o°. ~ percent flattened pumice and less than 1 percent lithophysae.  
Phenocrysts content is less than 1 percent composed of 

. plagioclase, sanidine, and biotite. From 242.4 to 256.6 the tuff 
contains up to 30 percent lithophysae, some larger than core 
diameter. From 256.6 to 330.0 feet the tuff has less than 1 

, percent lithophysae and pumice clasts. There is a clayey brecy a 
.. zone from 276.2 to 280.3. Generally the luff is hard (H3), 
• - moderately to slightly weathered (W4), and moderately to slightly 

71 ",• fractured (FD4).  

135- b Discontinuity Measurements: 

.%. Depth Angle' Roughness Infilling 
-- 196.5 55 R2 3mm vapor-phase alteration 198.1 15 R2 1mm white mineral 

100 197.3 30 R3 0.5" white mineral, sand.  -H4 Tpcpl -gravel breccia 
140--. 198.8 30 R3 1 mm white mineral 

199.1 25 R3 1 mm white mineral 
200.6 30 R2 Clean 
201.6 20 R3 Trace white mineral 
202.7 75 R2 2mm vapor-phase alteration 

FD3 66 203.1 75 R2 10mm vapor-phase 
alteration 

145, 203.6 20 Ri Trace white mineral 
204.8 20 R3 8mm white mineral, sand.  

gravel 
205.6 15 R3 1mm white mineral 

,n- 206.0 25 R3 1mm white mineral 
209.1 85 R2 4mm vapor-phase alteration 
208.4 45 R2 3mm white mineral 
207.7 15 R2 12mm white mineral, sand 

- 207.0 20 R2 4mm white mineral, sand 
216.0 25 R3 lmm white mineral 
212.0 05 R2 lmm white mineral 

- 212.5 15 R2 lmm white mineral 
. 213.2 75 R2 3mm vapor-phase alteration 

99 86 .• 214.3 15 R2 lmm white mineral. sand 
214.6 80 R2 3mm vapor-phase alteration 

15 215.5 30 R2 Trace white mineral 
216.1 30 R3 lmm white mineral 
216.3 30 R3 1 mm white mineral 
216.4 15 R2 lmm white mineral 
217.0 10 R2 1 mm white mineral 
217.8 30 R3 lmm white mineral, sand 

,- 218.1 20 R3 Iram white mineral 
160 :. 218.7 70 R2 6mm white mineral 

220.1 20 R3 1 Omm white mineral 
. ps 221.8 10 R3 Trace white mineral 221.9 45 R3 8mm white mineral 

jt.. - 224.7 10 R2 Trace white mineral 
FD4 95 59 225.9 70 R3 Trace white mineral 

228.3 80 R3 5mm vapor-phase alteration 
165-- 231.2 85 R3 3mm vapor-phase alteration 

230.5 70 R3 Clean 
0 ,. 231.7 70 R2 1 mm vapor-phase alteration 
.. 233.9 55 R2 Clean 

S- 234.3 30 R2 2mm white mineral, trace 
xn.. MnO(?) 

Z N -G -E000 E 0 -7Spebr20
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#15 SHEET 4 OF 7 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,773.64 E 570,224.85 GROUND ELEVATION: 3680.98 

BEGUN: 8/30/2000 FINISHED: 9/11/2000 TOTAL DEPTH: 330.01t. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK. 5.0 ft HOLE LOGGED BY: USBR/SMF 
RE ,PEI'£E Ev: L~t, t.~eoww

NOTES SHEAR WAVE VELOCIN CLASSIFICATION S• =• •: uAND PHYSICAL CONDITION 

170- 234.7 10 R3 2mm white •i•-eral, trce 
MnO(?) 

235.4 25 R3 Trace while mineral, trace 
FeO 

e: 235.7 20 R3 1" white mineral, 1mm MnO 
236.8 40 R2 Clean "96 55 237.1 20 R3 2mm white mineral 

5; 239.1 30 R2 I mm white mineral 
239.8 30 R3 2rmm white mineral 
240.6 40 R3 10mm white mineral. I mm 

241.9 85 R2 MnO 
241.9 85 - R2 Send, gravel 

FD4. 242.4 to 256.6 ft. TIVA CANYON TUFF CRYSTAL POOR 
b7.. LOWER LITHOPHYSAL ZONE (TpcpII) 
180-: Pyrodastic flow, densely-welded, devitnfied. moderate orange 
- pink tuff with rare light gray pumice. Phenocryts of sanidine and 

rare biothe compose less than 1 percent of the rock by volume.  
Tpcpul , Lithophysal cavities compose 15 to 20 percent of the rock by 

Tc - volume with some larger than core diameter. Lithophysee are 
98 63 .,. filled and coated with vapor phase minerals to varying degrees.  

-.o - Generally ft tuff is hard (H3), slightly weathered (W3), and 
1 _ slightly to very slightly fractured (FD2). Lower contact is 
b.. conformable.  

--• - Discontinuity Measurements: 
Depth Angle* Roughness Infllling 

FD7 73 0 243.2 60 R2 2mm white mineral 
S244.9 15 R3 2rm white mineral 

244.8 75 R2 5mm vapor-phase alteration 
o 249.6 80 R2 lmm gray mineral ,.•'•.. 250.3 so 

;• 250.6 85 

S- 256.5 10 R3 Trace white mineral 

FD4 96 66 bF. 256.6 to 330.0 fl. TIVA CANYON TUFF CRYSTAL POOR 
15 • LOWER NON-LITHOPHYSAL ZONE (Tpcpln) 

.-•. Pyroclastic flow, densely welded, devitritled, pale red tuff with 
less than 1 percent light gray pumice clasts. Phenocrysts of 
sanidine and plagiodase compose less than 1 percent of the 
rock by volume. Medium gray lithic dasts compose less 1 

H4 percent of the rock by volume. Clast supported breccia from 
276.2 to 280.3 ft. Generally the tuff is moderately hard (H4), 

200 slightly weathered (W3), with fracture densities mostly "moderately fractured (FD4) to some intensely fractured (FD7) 
. zones. Lower contact undetermined, bottom of borehole at 330.0 SFD5 95 49 ft.  

Discontinuity Measurements: 

205-: Depth Angle* Roughness Infilling "259.7 10 Ri Trace white mineral 
260.7 10 R2 Trace white mineral 

S2D 261.7 70 R3 Trace white mineral, MnO 
96 28 . 263.1 35 R2 Trace white mineral 

- 264.4 85 R2 Trace white mineral 
264.5 60 R2 Trace white mineral 210- ,,267.2 10 Trace white mineral 
266.5 40 R3 Trace white mineral 

, 267.4 25 R2 Trace white mineral 
269.5 30 R2 Trace white mineral 

Tpcpmn 270.7 65 R3 Trace white mineral 
271.1 80 R2 Trace white mineral 

FD4 271.3 70 R3 Trace white mineral 
2 271.6 60 R3 Trace white mineral 

272.3 85 R2 Trace white mineral 
272.8 80 R3 1rmm white mineral 
274.1 85 R3 Trace white mineral 
274.9 85 R3 Trace white mineral 
275.3 30 R3 Trace white mineral 
276.0 40 R2 Trace white mineral 

o 276.1 25 R2 Trace white mineral 
2202 280.3 85 R4 

T 280.6 10 R3 Trace MnO & vapor-phase 
mineral 

FD6 0 280.9 80 R3 Trace MnO 
283.7 65 R3 'Trace vapor-phase mineral 

In. 284.2 25 R3 
100 285.1 55 R3 

3. 225- ; 285.8 75 R3 
"" 286.2 60 R3 Vapor-phase minerals 

FD4 692863 30 R3 
286.8 25 R3 Trace vapor-phaee minerals 
287.1 55 R3 
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#15 SHEET 5 OF 7 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Projct STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,773.64 E 570,224.85 GROUND ELEVATION: 3680.98 

BEGUN: 8/30/2000 FINISHED: 9/11/2000 TOTAL DEPTH: 330.0 ft ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK( 5.0 ft HOLE LOGGED BY: USBRISMF 

REV'EAT.D B".aM, Ma c ecr, 

SHEAR WAVE VELOCIT CLASSIFICATION 
NOTES J U AND PHYSICAL CONDITION 

- ~ w 
___________ x _____ ~ _______________

___69 288.3 60 R3 Vapor-phase minerals, tram 
23- Calcite - 289.0 85 R3 Vapor-phase minerals 

289.3 35 R4 1mm quartz 
290.2 60 R4 

S290.2 30 R4 
291.8 55 R3 

FD4 100 293.0 45 R4 
23 294.1 75 R4 Trace vapor-phase minerals 54 Tpcprn 294.8 core broken on corroded 

pumice clast 
295.7 25 R4 Trace vapor-phase minerals 
296.3 65 R3 
297.3 20 R4 Trace vapor-phase minerals 
298.9 25 R3 Vapor-phase minerals 

24 299.5 85 R4 Trace MnO, vapor-phase 
minerals 

300.3 core broken on pumice clast 
.304.3 80 R4 Possible mechanical break 240. 308.5 60 R3 Mechanical break 
311.5 60 R4 Vapor-phase minerals 
313.0 15 R4 Vapor-phase minerals 
313.6 60 R3 Trace vapor-phase minerals 

24 FD2 99 80 314.5 05 R2 Trace MnO, Calcite 
, 7, - 314.4 85 R3 Trace vapor-phase minerals 

- 314.5 80 R3 Trace MnO, vapor-phase 
minerals 

- . 314.9 85 R3 Trace vapor-phase minerals 
315.7 70 R3 Trace vapor-phase minerals 

25 Tpcpllb.1 316.2 20 R4 Patchy Calcite, trace MnO 
250- 317.1 85 Core broken on argillically 

altered pumice "317.6 10 R3 Patchy Calcite, trace MnO 
318.3 60 R3 3mm botryoidal silica, 3mm 
day 
319.1 15 R2 3mmn silica, moat euhiedral, 

255- FD3 -~t some botroidal, some 25!r,-..3 -- smooth 

F 319.9 55 R2 1mm silica. 1mm nday 
320.5 45 R4 2mm silica, trace day 
322.5 60 R4 Patchy silica & day 

Angles are measured from core axis and are plus or minus 5 
degrees.  

265 FD2 100 68 

Tpcpln 

27D 

275 FD3 so 

i 

280-

S'H3 FD4 99 84 Tpcpln 
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H3

SHEET 6 OF 7

FEATURE: Waste Handing Building 

LOCATION: ESF North Portal Pad 

BEGUN: 8/30/2000 FINISHED: 9/11/2000 

DEPTH TO WATER: Not Encountered

PROJECT: Yucca Mountain Project 

COORDINATES: N 765,773.64 E 570,224.85 

TOTAL DEPTH: 330.0 ft 

DEPTH TO BEDROCK, 5.0 ft

99 84 

FD4 96 93 

FD3 97 

FD4 88 
100 

FD3 100 

FD41
OF HOLE

Tpcpln

STATE: Nevada 

GROUND ELEVATION: 3680.98 

ANGLE FROM HORIZONTAL: -90 

HOLE LOGGED BY: USBR/SMF 

REV!EVVEf By. Mati& Md~onr



GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#15 SHEET 7 OF 7 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,773.64 E 570.224.85 GROUND ELEVATION: 3680.98 

BEGUN: 8/3062000 FINISHED: 9/11/2000 TOTAL DEPTH: 330.0 ft. ANGLE FROM HORIZONTAL: -91 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 5.0 ft. HOLE LOGGED BY: USBRISMF 

- ~REVIEWED BY, Man Md~eom

SOIL 
Fill 

(made 
ground)

Tpcprn 

v-f

T•cpuI Tpcprnn

ROQK

rol los

TpcpIl

cd

"Tpcprn Brecia

H~i~i
WELDING 

Densely Welded

RAmmmsS 

Descriptor Criterta 

Extreme..y Core, fragment, or exposure carrot 
be scratched With knife or sharp pick; 
can ony be chipped wito repeated heavy 
ham-er bows.  

Very Hard Cannot be scratched with knife or sharp 
ptck. Core or fragment breaks wtth 
repeated heavy hammer b.ows.  

Hard Can be scratched with knife or sharp 
ýitck witn difftculty (heavy pressure).  

eavy hamner b.ow requgred to break 
spectmen.  

Moderate.y Hard Can be scratched with knife or sharp 
pick with -. ght pressure. Core or 
fragment breaks wutn moderate hammer 

Moderatesy Soft Can be grooved 'A/_ inch (2m) deep by 
sharp p.ck w to moderate or heavy pressure.  
Core or fragment breaks with o agot hamer 
b.ow or heavy manua- pressure.  

Soft Can be grooved or gouged easr-y by knife 
or s"arp pPcbk woto ight pressure, can be 
scratcoed w-ti fingerna: . Breaks wutt 

.. ght to moderate manua. pressure.

Very Soft Can be readt-y rndented, grooved or gouged 
th f .n.erna, or carved with a knife.  

Breaks w.tn ..got manua_ pressure.

A-pha-rumer
descrtptor 

FDf 

FD

FD2 

FD3 

FD4 

FD5 

FDE 

FD7 

FDH 

FD9

Descriptor 

..nfractured 

Very sltgotly fractured 

Sl.gory to very 
s.-.gt- y fractured 

Slzght-y fractured 

Moderate:y to s..ght-y 
fractured 

Moderate-y fractured 

Moderate:y to .ntense..  

fractured 

.ntense.y fractured

Alpoa-numertc 
descriptor 

W

W2 

W3 

W4

W6 

W7 

W8 

W9

Descriptor 

Freso 

S..tghtly weathered 
to fres., 
S.ight-y weathered 

Moderately to 
sl ght-y weathered 

Moderately weathered 

Tntenseoy to 

moderate-y weathered 

intense-y weathered

Very tntense.y 
weathered 

Decomposed

Genera- charactertstics 
(strength, excavation, etc.) 

Hammer rtgs when crystaitrne rocks are 
struck. Almost a-ways rock excavation 
except for natura -y weak or weak.y 
cemented rocks such as Siltstones or 
sha-es.  

Hamer rings when crysta-ltrne rocks are 
struck. 2cdy of rock not weakened. With 
few exceptons, socn as st..tstones or 
sha.es, c.ass.ifed an rock excavarton.  

Hamer does not rtng when rock -s struck.  
Body of rock :s s-..gnt y weakened.  
Dependrng on fracturing, usua..y is rock 
excavatton except -n natura--y weak rocks 
such as s..tstones or soa.es.  

Du.. sound when struck with hammer, 
usua..y can be broken with moderate to 
heavy manua- pressure or by .. got hamer 
b.ow without reference to panes of 
weakness such as .nc-p.ent or nair..ne 
fractures, or ve.n.ets. Rock ts 
s..gn.f.cant.y weakened. Usua--y com•on 

Can be granu.ated by hand. A-ways comrn 
excavation. Besastant mtnera-s such as 
uartz may be present as -stringers- or 
o ikes".

""ACuri DxNsmny 

Criteria 
(Excludes mechanicas breaks) 

No observed fractures.  

Core recovered mostly in .enrgths greater than 3 feet (l m).  

Core recovered most-y tn .engths from - to 3 feet (300 to .,000 mm) with few 
scattered -engths -ess than - foot (300 =.) or qreated toar 3 feet (1,000 m).  

Core recovered most.y .n .engths from 0.HA to -.0 foot (100 to '00 Ml) wit most 
.engtos about 0.67 foot (200 m).  

Lergros average from 0- to 0.33 foot (30 to .00 m) wint fragemented .nterva.s.  
Core rec covered most.y tn lgtos -ers than 0.33 foot ( S00 -).

Very intense.y to 
.ntense-y fractured 

Very sntenese-y fractured Core recovered mostly as chips and fragments witn a few scattered short core lengths.

ANL-MGR-GE-OOOoo3 REV 00 1-21
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Alyha-numer-c 
descriptor

H.

H2

H4

H6 

H7

C a 
Co 
I 

0.  

a 
I 

3.  
Co r
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#16 SHEET 1 OF 9 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,055.54 E 570,472.65 GROUND ELEVATION: 3672.03 

BEGUN: 6/26/2000 FINISHED: 8[7/2000 TOTAL DEPTH: 452.81'f. ANGLE FROM HORIZONTAL: -41 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 75.7 ft. HOLE LOGGED BY: USBR/SMF 

REVIEWED 6v LAW* Md&(.eo• 

-z CLASSIFICATION 
NOTES HEAR WAV VELOCI AND PHYSICAL CONDITION 

a. ~ or a 

PURPOSE OF HOLE: - - - J 0.0 to 22.4 ft. PAD FILL (Fill) 
Develop geologic design data 
required for Waste Handling 0.0 - 22.4: POORLY GRADED GRAVEL (GP) 
Building foundation parameters 0 0 Predominately fine to coarse, hard, subangular gravel with a trace 
and seismic hazard analysis. '0 - of nonplastic fines on gravel surfaces; derived from moderately to 

densely welded Tuff; approximately 50% have a spotty very light 
D Ugray vapor phase coating; noncrystatine less than 2mm in DRILL EQUIPMENT: 5DliU o thickness; maximum size recovered, 75mm.  Schramm T685 Drill Rig, UDR 

1000 Ddlt Rig -0t)( 
10 DrillERig 'o •- 22.4 to 75.7 ft QUATERNARY ALLUVIUM (021) 

G. Fox, M. FyffeR : . Hanson: 10 22.4 - 25.9: POORLY GRADED SAND WITH SILT AND GRAVEL 
Dn Ftec D. Incf , Sl Lake 10 0 (SP-SM)g 
Dyntac Drity ing. Inc., SaUt Lake About 60 coarse to fine sand; about 30% coarse to fine, angular 
City, Utah 1o- •to subangular gravel of welded tuff and felsic phenocrysts, up to 

Fill 30 x 30mm; about 10% silty fines; maximum size recovered, 
DRILLING METNOD: 3 GP a 50mm: brown with white caliche stringem: hard consistency: 
Augerd to approximately 3.5' -( - weakly cemented with caliche; weak reaction with HCa.  
where boulder was encountered.  
Pulled auger bit and installed - 25.9 - 33.8: POORLY GRADED GRAVEL WITH COBBLES 
13.75' harmner bit. Continued - 18 
with hammer to 49' Cemented - About 90% coarse to fine, hard. angular to subangular gravel of 
casing with 1.11' sic~kup. 'J welded tuff, approximately 70% with spotty caliche coatings; 
Re-entered hole with PQ coring about 10% fine to medium sand; several fine-grained caliche 
system. Cored with P- to 97.6. fragments; loosely cemented. Total interval (by volume) 
Used PO rods as casing and 0 approximately 30% cobbles; maximum size recovered, 120mm.  
installed HO coring system. 00 

Cored with HO to the total depth 33.8 - 35.2: No Recovery 
of 452.8'. 20- a 

0 35.2 - 38.1: SILTY SAND WITH GRAVEL AND COBBLES 
DRILLING CONDITIONS: 7) (SM)gc 
0.0 to 3.5: Hard, difficult drilling - About 45% predominately fine to coarse, angular to subangular 
with augers in coarse material. -sand; about 35% fine to coarse, angular to subangular gravel of 

welded tuff. about 20% silty fines with no dry strength and low 
3.5 to 4.9: No problems reported. 100 Gal plasticity; brown; moist; strong reaction with HCt. Total interval 
4.9 to 66.0: Difficult drilling (SP-SM)g : (by volume) approximately 35% cobbles; maximum size 
characterized by short runs, 25
blocking off and often tripping - - recovered, 230mm.  

out. t 31 38.1 49.8: POORLY GRADED GRAVEL WITH SILT, SAND 
6b.0 to 223.6: Easier driling, less- AND COBBLES (GP-GM)sc 
blocking off, longer runs. 0 a About 60% fine to coarse, angular to subangular gravel of welded 223.6 to 452.8: Difficult drilling• 
223.6 by Difssclt 0drilling ) tuff; about 30% fine to coarse, angular sand; about 10% silty fines 
characterized by loss o fal with no to low dry strength; light brown; moist, no to stiong 
circulation, blocking off, and short 30- (GP)c o reaction with HCI. Total interval (by volume) approximately 5% 
runs. - cobbles; maximum size recovered, 90mm.  

0 

DRILLING FLUID: 026 o(o 49.8 - 53.3: SILTY SAND WITH GRAVEL (SM)g 
0to 3.5: none About 45% fine to medium sand; about 40% fine to coarse, 
3,5o4.9. non-potable waler angular to subangular gravel of welded tuff; about 15% silty fines 
4.9 to 452.8: non-potable water, 0 with low plasticity and low dry strength; maxrium size recovered, 
Hydrogel mud with EZ.Mud and 35- 1 -0 60mm; light brown; moist; weak to strong reaction with HCa.  LCM to re-establish circulation. •: 

G al . 53.3 - 56.0: SILTY GRAVEL WITH SAND (GM)s 
DRILL FLUID LOSS - 100 (SM)gc - About 55% fine to coarse, angular to subangular gravel of welded 
INTERVALS: - tuff; about 30% fine to coarse, angular sand; about 15% silty.  
11 ft. I nonplastic fines with low dry strength; maximum size recovered, 
51 ft. - 50mm; light brown; moist; strong reaction with HC1 164C6 ft. 40 -- 58 
166 ft. 0 56.0 - 60.4: SILTY SAND WITH GRAVEL (SM)g 

227.5 ft. About 50% predominately fine to coarse, angular to subangular 
233 ft. ,- sand; about 35% fine to coarse, subangular gravel of Tiva Canyon 
233 ft. Tuff clasts; about 15% silty fines with no to low plasticity and low 

245 ft 35 Gal )C dry strength; maximum size recovered, 70mm. light brown, white 

250.4 ft. GP-GM)S Q caliche bed from 58.7-59.0: moist; weak to strong reaction with 

252.5 ft. 45- HCI.  

277 ft. - 60.4 - 66.0: SILTY GRAVEL WITH SAND (GM)s 
278 ft About 50% coarse to fine, angular to subangular gravel of Tiva 

100Canyon Tuff clasts; about 35% predominately fine sand; about 
Remaining hole drilled without 100 o 15% silty fines with low plasticity and low dry strength; maximum 

; circulation size recovered, 75mm; strongly cemented with caliche, breaks 

q COMMENTS: 1. All esurements are in feet unless noted otherwise, 
to 

2. No attempts to re-establish circulation were made below 278 ft.  

3. LCM (Lost Circulation Material) consists of cellophane cuttings.  

4. USCS classifications were deternined in the field, where endited classification 
methods were available in onier to keep samples intact for future tests.  

5. Sheaw Wave Velocity data from GeoVision suspension logging. Data acquired from o downhole survey conducted after PVC casing installed.  

x 6. USCS soil classfications are based on USBR Earth Manual procedure 5005 SDetenrining Uneed Soil Classification (Visual Method)
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#16 SHEET 2 OF 9 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,055,54 E 570,472.65 GROUND ELEVATION: 3672 03 

BEGUN: 6/26/2000 FINISHED: 8/7/2000 TOTAL DEPTH: 452.8 ft. ANGLE FROM HORIZONTAL: -9b 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK. 75.7 ft. HOLE LOGGED BY: USBR/SMF 

R:•EV!EWE'E• Ma*oeaa 

0 •ij 

( 0 CLASSIFICATION NOTES SHEAR WAVE VELOCIT, a n 
NW • U AND PHYSICAL CONDITION Wu Z' D 

o !ll ill~l • • "

CASING RECORD: L70 only with hammer blow; light brown to pale orange: moist strong 
0 to 4.9:10.75" O.D. casing -- ai . reaction with HCI.  0 to 97.6: PCQ casing 87 (SM)g '
07.6 to 97.6.8 P casing 87 • 66.0 - 75.7: SILTY SAND WITH GRAVEL (SM)g 
97.6 to 452.8: No casing About 45% predominately fine sand: about 35% coarse to fine, 
HOLE COMPLETION: ,00 angular to subangular gravel of welded Tiva Canyon Tuff and Tuff 

Pulled all casing and left open for 5- (GM)s X; about 20% silty fines; maximum size recovered, 60mm; strongly cemented with calicte. breaks only with hammer blow; 
future geophysical studies. •._- light brown to pale orange; moist; strong reaction with HC.  

100 
- - 75.7 to 133.2 fl. COMBS PEAK IGNIMBRITE - TUFF X (Tpkd): ""94 al Nonwelded flow, moderately indurated. argiflized and partially 

(SM)g zeolitized. very pale orange with grayish-orange mottling. The tuff 

62 has approximately 20-25% pumice, up to 35x3Omm in size, with 
60 about 10-15% volcanic lithic clasts. up to 25x25mm. Rare 

D phenocrysts of sanidine, biotite (bronze), magnetite (?), and 
100 manganese oxides. Generally the tuff is moderately hard (H4) to 

soft (H6), slightly (W3) to moderately (WS) weathered, and 
Gal unfractured (FDO) to slightly fractured (FD2). Lower contact is 

(GM)s unconformable.  ;• ' --73 

65 100 Discontinuity Measurements: 
" 100 - h AnWle* Roughness Infilling 

75.9 70 R2 Calcite 
97 130.1 70 R3 trace Fe 

133.2 to 137.8 ft. POST TIVA CANYON BEDDED TUFFS 

70Q (Tpbt5): 
7- .Nonwelded. possibly reworked fallout tephra and pyrociastic 

(SM)g " flows separated by distinct paleosols. The tuff is moderately 
indurated, devitnified, pale yellowish-brown with 10 to 15 percent 
pumice clasts (up to 10x7mm), and less than 10 percent volcanic 
lithic clasts.(up to 4x5 mm). The bedded tufts have about 2 
percent phenocrysts of feldspar, quartz, and blotite. Generally 

75- the tuff is moderately hard (HA) to soft (H6), slightly (W3) to 
5- moderately (W6) weathered, and unfractured (FDO) to slightly 

,D2 1- - fractured (FD3). Lower contact is unconformable.  

Discontinuity Measurements: 

Depth Anqle" Roughness Infilling 
137.0 70 R3 light ash 

80 98 98 137.3 60 R3 light ash 

' f.•J - 137.8 to 222.0 fL TIVA CANYON TUFF CRYSTAL RICH 
NON-LITHOPHYSAL ZONE (Tpcm? 
Pyrociastic flow, densely welded, deitrifsed. pale red to 
grayish-red. with 10 to 15 percent phenocrysts. Phenocrysts are 
mostly feldspar and biotite with lesser quartz and pyroxene. Rare 

85 100 100 pumice clasts from 145.9 to 157.1 feet and up to 20 percent 
pumice dasts from 157.1 to 192.0 feet. The tuff has up to 15 
percent fithophysal cavities from 192.0 to 208.0 feet Generally 
the tuff is moderately hard (H4). slightly (W3) weathered, and 
slightly fractured (FD3) to moderately fractured (FD5). The lower 
contact is conformable.  

90 Discontinuity Measurements: 

Depth Angle* Rouahness Infillino 
138.3 55 R3 Calcite 

H4 FD0 Tpld 138.6 80 R3 Calcite 
139.5 80 R2 Calcite "140.7-141.1 25 R4 trace Calcite 

95 100 100 141.6 70 R3 trace Calcite 
141.6-142.1 25 R3 Calcite 
141.85 80 R2 trace Calcite 
142.5 70 R3 trace Calcite 
142.5-142.8 25 R3 brown mineral "143.7 60 R3 trace Calcite 

100 100 143.6-144.6 20 R4 Calcite 
144.4 80 R2 none 

S10-- 147.2 85 R2 none 
147.8-148.1 30 R3 none 
148.9-149.5 25 R3 none 
150.3-151.6 FRACTURE ZONE 
153.1-157.1 FRACTURE ZONE 
157.1-159.3 FRACTURE ZONE 
160.3-164.4 FRACTURE ZONE 

S10 162.8 (fault?) 30 R3 none 
165.3 50 R3 day, sand 

C'-: - 165.6 (fault?) 50 R3 day, sand 
q,,•. 1 66.3 40 R3 trace sand 

"JI'..; - 168,.1 50 R3 healed cc"4J 168.7 90 R3 sand 
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#16 SHEET 3 OF 9 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765.055.54 E 570,472.65 GROUND ELEVATION: 3672.03 

BEGUN: 6/26/2000 FINISHED: 817/2000 TOTAL DEPTH: 452.8 ft. ANGLE FROM HORIZONTAL: -9b 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 75.7 ft. HOLE LOGGED BY: USBR/SMF 

REEVWEDB" Mi, a.o-tAXeo>wi 

NOTES SHEAR WAVE VELOCIT CLASSIFICATION 
NOTE es u_ AND PHYSICAL CONDITION 

da 1d, s an d 

110- • ' .i" : "-" 169.7 8 3 ca 
169.8 60 R3 day 

=•.." '• 170.1 60 R3 clay, sand 

170.6 9D R3 cday, sand 
-171.2 15 R3 sand 
171.0-174.6 FRACTURE ZONE 
.174.6 55 R4 trace day 

115- 98 98 "., 175.1 60 R4 none S.: 176.0 15 R4 sand 

176.8 50 R3 healed 
177.8 day, sand 
179.3 30 R4 day, sand 
179.4 80 R4 sand 

FD0 179.7 55 R4 trace clay, sand 
212- H4 180.9 20 R2 day, sand 

185.2 40 R3 trace day 

Tpki 185.6 40 R3 sand, trace day 
187.4 30 R3 trace day 
187.9 60 R3 trace sand 
188.1 55 R3 sand 

125:188.5 20 R3 sand, trace day 
169.0 55 R3 sand 12 100 98 190.6 65 R3 vapor phase alteration 

%:., 191.2 65 R3 none 
191.8 40 R3 none 
192.0 35 R3 none 
193.3 45 R4 none 

7 193.9 45 R4 trace sand 
197.3 30 R4 none 

-- 197.4 30 R3 none 
82 82 197.6 25 R3 day 

198.1 60 R3 clay 
H6 198.9 25 R4 day 

199.4 55 R4 none 
H FD0 203.4 50 R3 sand 

1 203.8 50 R3 none 
1398 Tpbt5 204.0 40 R3 none 

204.7 35 R3 trace sand 
204.9 30 R3 trace sand 

H5 203.4-203.6 25 R3 none 
FD3 203.6 90 R2 none 1' * 204.1 90 R3 none 

S>' 2G4.2 90 R3 none 140-, 214.6 so R2 none 

204.7-204.9 30 R2 none 
H 205.7 45 R3 none 

SH4 59 206.8 45 R3 none 
S206.8-207.3 FRACTURE ZONE 

208.2-208.9 FRACTURE ZONE 
209.3 irreg. R2 none 14- " •- 210.3 70 R2 none 

14- .0 210.5-210.7 10 R3 none 

212.1-212.2 30 R2 none 
- 213.7 45 R3 quartz crystals "FD3 97 78 216.1 75 R3 quartz crystals 

221.0-221.3 25 R4 trace Calcite -4 H5 221.1-221.3 35 R2 none 

222.0 to 380.0 ft. TIVA CANYON TUFF CRYSTAL POOR 
FD8 - UPPER LITHOPHYSAL ZONE (Tpcpul) 

Pyroclastic flow, densely welded, moderate orange-pink with light 
SH4 FD2 gray mottling, and about 3-5% lithophysae (up to 5SOsOmm) with 

light gray crystal coating. Tuff has approximately 5 percent 
91 24 Tpcmr . pumice clasts (up to 10x4mm). There are less than 5 percent 

15 H phenocrysts of plagioclase and sanadine, with less than 1 
1 H percent biotite and manganese oxide. At 247.0 the phenocrysts ",FD7 - ._ content decreases to less than 1 percent. Lithophysae. both 

- filled and unfilled, content increases 10 20 percent at 301.0 feet.  
Generally the tuff is moderately hard (H4), slightly (W4) to 
moderately weathered (W6), and slightly fractured (FD3) to very 

- intensely fractured (FD9). The lower contact is conformable.  

S160- H D5 Discontinuity Measurements: S• ~97 13•"_ 
-0,- Depth Anale" Rouahness Infillino 

FD7 221.8-224.9 FRACTURE ZONE 
225.4 55 R4 brace Calcite 
225.4-225.8 FRACTURE ZONE 

i. 225.8-226.0 10 R4 trace Calcite 

- 226.1-226.7 FRACTURE ZONE 
H5 226.7-226.8 40 R3 none 

FD4 97 44 226.9-227.0 FRACTURE ZONE 
a 227.0-227.2 40 R3 none 227.3 80 R2 none
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#16 SHEET 4 OF 9 
FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,055.54 E 570,472.65 GROUND ELEVATION: 3672.03 

BEGUN: 6/26/2000 FINISHED: 8f7/2000 TOTAL DEPTH: 452.8 ft. ANGLE FROM HORIZONTAL: -91 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 75.7 1t. HOLE LOGGED BY: USBRISMF 

RE'iE WED 5" tUerb t.~d~aowl 

E_ Nkt: I___ 

c: i f 

L CLASSIFICATION 
NOTES SHEAR WAVE VELOCITC 

___•_ _a: Q - AND PHYSICAL CONDITION 
n

FD4 227.7-227.8 90 R3 white mineral 170 "" 228.0-228.6 15 R3 none 
229.2 60 R3 none 

97 44 229.2-229.6 20 R3 none 
230.7-230.9 55 R2 none 

,D- 231.1 90 R2 none 

" 231.1-231.5 FRACTURE ZONE 
17 231.8 45 R2 trace quartz crystals 

175- 231.8-232.3 FRACTURE ZONE "232.3 60 R3 trace quartz crystals 
. > 233.0-233.2 45 R3 quartz crystals 

FDS 100 58 * 235.0-235.1 45 R3 trace Calcite 
235.8 50 R2 none 
235.7-236.3 15 R3 none 
235.9-236.3 25 R3 trace Calcite 
236.1-236.3 25 R3 none 
237.9 45 R2 none 
238.7-238.9 15-20 R2 quartz crystals 
239.2 70 R2 quartz crystals 
239.8 60 R2 quartz crystals 

240.0 60 R3 none 
, 240.2 50 R2 trace iron oxide 

185- 100 74 - 240.4 70 R3 none 
240.4-241.1 1D-15 R3 none 

H5 241.2-241.7 15 R3 none 
241.8-243.8 FRACTURE ZONE 

'244.5-244.7 20 R2 trace Calcite 
246.8 15 R2 none 
248.6 20 R3 trace white mineral 

'D 248.9 25 R3 trace while mineral 
g0- I FD4 -:25 249.7 30 R3 none 

251.8 5 R3 none 
252.5 10 R3 none 

. 255.4 10 R2 none 
255.8 15 R2 none 
256.4 75 R2 lithophysal 
257.5 40 R3 trace sand 

195- 100 74 Tpcm , 0-- 259.5 30 R2 none 
' 261.1 50 R3 none 

263.5 80 R3 none 
264.5 20 R2 none 
265.9 15 R3 sand, trace day 
266.4 60 R3 none 
266.9 30 R3 day 

200- J 269.0 20 R3 sandy brecca 
272.9-277.3 FRACTURE ZONE 

76 0 ,. _ 277.4 0 R4 none S278.6 10 R3 none 
P 279.1 50 R4 none 
- 279.2 40 R4 none 

FD6 279.5 25 R3 none 
205" 280.6-284.4 FRACTURE ZONE 

82 45 . 284.4-284.6 20 R3 none 
284.6-284.8 45 R2 none 
286.3-286.6 35 R3 quartz crystals 

*. 287.7 55 R4 clay, quartz crystals 
OD8 289.3-290.0 0 R3 none 

76 0 291.8 35 R3 clayey breccia 

211(- D 292.8 90 R3 clayey breccia 
262 0 . 293.0 30 R3 clay 

- - 294.7 90 R2 clayey breccia 
FD 294.9 60 R2 clayey breccia 

297.3-297.8 15 R3 trace Calcite 
297.6 70 R3 none 
298.0 60 R2 clayey breccia S298.2 80 R3 none 

215m , 79 52 298.9-302.5 FRACTURE ZONE 

H4 F4301.5 45 R3 quartz crystals 
303.1 35 R3 trace day 
305.0-313.7 FRACTURE ZONE 
308.6-309.1 15 R3 none 

" ".. 310.4-310.7 20 R2 clayey breccia 
310.2-310.5 30 R2 clayey breccia 

22;.0 312.4-312.6 30 R4 trace day 
1F4 97 44 14.4-314.8 20 R3 none 

315.6-316.0 25 R3 none 
0.. 318.4 50 R2 quartz crystals 
- 322.0-322.2 20 R2 none 

X F08 58 0 323.4-324.0 30 R2 clayey breccia 
10 6225-:Tcl 324.3-325.1 10 R3 clayeybreccia 

FD6 100 36 Tpcpul 324.7-325.3 25 R3 clayey breccia 

0g- 324.9-325.6 0 R3 clayey breccia "6- 325.2-325.9 20 R2 clayey breccia 
I FD6 84 26 326.1-327.3 FRACTURE ZONE 
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#16 SHEET 5 OF 9 

FEATURE: Waste Handing Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,055.54 E 570,472.65 GROUND ELEVATION: 3672.03 

BEGUN: 6/26/2000 FINISHED: 8(712000 TOTAL DEPTH: 452.8 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK 75.7 ft. HOLE LOGGED BY: USBR/SMF 

REVE WED •E Va*LMcPeowv 

NOTES SHEAR WAVE VELOCIT I i CLASSIFICATION 
- i W C) AND PHYSICAL CONDITION 

___________ ~ ~ ~ ~ c c r i _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

84 26 327.3 35 R2 none 
2_ FD 330.8-332.0 CLAYEY BRECCIA ZONE 

333.6 50 R3 none 
FD7 332.7-333.3 20 R3 quartz, Calcite 

86 32 o.. 332.9 50 R3 none 
334.7-335.9 0 R2 quartz crystals 
335.1 50 R3 trace day 
335.5 75 R3 none 

235 335.6 55 R3 none 
1100 48 336.1-337.3 FRACTURE ZONE 

FD5 .. 337.9 40 R2 clayey breocia 
. - 338.0-338.4 CLAYEY BRECCIA ZONE S64 43 ,' 338.4 40 R3 none 

0. 338.5-338.7 30 R3 none 
100 32- 338.6 45 R3 none 

339.5-340.8 FRACTURE ZONE 2,40 341.7-345.3 FRACTURE ZONE 
346.0 60 R2 trace quartz 
346.2-347.0 10 R3 none 

-D' 346.4-346.8 0 R4 none 
2 0 .5-346.9 10 R4 none 

! 346.8 80 R3 none 
245- FD5 89 61 0% 347.3-348.6 FRACTURE ZONE 

24:b.- 348.3-348.7 20 R3 ctayey breccia 
, 348.7 40 R3 none 

93 0 . 349.2-349.7 15 R3 none 
F 349.0-349.4 20 R3 none 

FD8 - 350.9 30 R3 none 
351.0 60 R3 trace Calcite 

86 0 . 1.1-351.2 0 3 day 
25G- 351.6-352.8 FRACTURE ZONE 

'0 354.3-356.1 FRACTURE ZONE 
FD6 95 0 356.4 50 R3 trace Calcite 

356.5 85 R3 none 
, 356.5-356.7 30 R3 trace Calcite 

FD8 76 16 e.• 356,8-357.3 0 R3 none 
358.4 60 R2 clay, Calcite 

255- 358.5 60 R2 Calcite 
358.7-359.0 20 R4 clay, quartz, Calcite 
358.9 80 R3 quartz, Calcite 

0- 359.6 70 R3 iron oxide, Calcite 
FD5 94 63 

H4 Tpcp 360.0 to 403.0 ft. TIVA CANYON TUFF MIDDLE 
,.jx - NON-LITHOPHYSAL ZONE (Tpcpmn) 

260.: Pyrociastic flow, densely welded, predominately pale red tuff with 
It-? .- less than 5% flattened pumice, and less than 1% lithophysae.  

The tuff has less than 1 percent phenocrysts of plagioclase, 
sanidine, and rare manganese oxide. Volcanic lithic content 
increases with depth with poorly developed anastomosing vapor FD4 96 61phase partings. Generally the tuff is moderately hard (H4) to 

0% moderately soft (H5) in isolated zones, slightly (W3) to 
moderately weathered (W5), and slightly fractured (FD3) to 

265-- -- intensely fractured (FD8).  

90 0 . Discontinuity Measurements: 

Deoth Anale Routhness Infillino 
FD6 86 360 1-360.4 40 R3 iron oxide, Calcite 

270-8 360.5 85 R2 breccia. Calcite 
360.6-360.9 40 R3 Calcite 
360.7 65 R3 dayCalcite 

73 30- 361.2 85 R2 quartz, Calcite 
0., 362.0 30 R4 Calcite 

o.• 362.2-362.5 25 R4 none 
363.1 90 R3 none 19 0 364.0 70 R2 none 

275, FD9 364.9-365.2 30 R4 trace Calcite 

78 0 365.5 80 R4 none 
-7- 367.2 85 R2 none 

372.9 70 R3 day, quartz 
373.1 90 R2 day. quartz. Calcite 

.82 39 373.2-373.7 25 R3 quartz, Calcite - 375.3 60 R3 trace quartz S280: 375.8 60 R3 clay 
X 376.5-376.9 20 R4 none 

377.0-377.3 25 R3 none 
40 0 377.4-377.7 30 R3 none a, FD9 379.7-381.2 0 R4 none 

380.8 20 R3 quartz, Calcite 
X I- , 85. 381.2 90 R3 trace quartz 

28- D850 381.4-381.6 30 R3 trace quartz. Calcite 
0 0 - 382.8-383.2 20 R4 none 
O 100 67 383.3-383.7 CLAYEY BRECCIA ZONE 

M FD3 T 383.8-384.2 20 R4 none X. 100 52 384.3 50 R3 trace quartz 
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#16 SHEET 6 OF 9 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,055.54 E 570.472.65 GROUND ELEVATION: 3672.03 

BEGUN: 6i26/2000 FINISHED. 8/'/2000 TOTAL DEPTH: 452.8 ft. ANGLE FROM HORIZONTAL: -1) 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 75.7 ft. HOLE LOGGED BY: USBRiSMF 

RE'V-:EAED-v: V, arkcKeovir 

118 CLASSIFICATION 
NOTES SHEAR WAVE VELOCIT' U ANDPHSSICA IOND 

ft's AND PHYSICAL CONDITION 

~~~~C S2__ _ _~ e ~ c _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ 
' 38.-8.F0 R cataeqat

S'" - 385.2-385.4 30 R3 clay, trace quartz 

FD3 100 52 385.5-386.5 FRACTURE ZONE 
386.5-386.9 10 R3 trace quartz, trace Calcite 
388.4-389.5 CLAYEY BRECCIA ZONE 

FD4 in.. 393.1 55 R3 quartz, Calcite 
97 59 _.. 393.8 45 R4 quartz. Calcite 

394.3 30 R3 clay, quartz, Calcite 
395.0-395.5 30 R3 trace quartz, Calcite 

8395.8 70 R3 quartz, trace Calcite 
295 FD 87 0 . - 396.2-396.4 30 R3 quartz, Calcite 

397.2 45 R3 clay 
397.7-398.1 25 R2 none 

* 398.2-398.6 40 R3 none 
FD7 92 0 , 398.6 40 R3 clayey breccia 

,., 398.7 60 R2 trace Calcite 
399.3 60 R3 trace Calcite 

, 33 0 399.7-399.9 30 R3 none 
FD8 ~-- - 0 400.2 85 R3 trace quartz, Calcite 

401.0 40 R3 breccia, quartz, Calcite 
402.3 50 R4 quartz, Calcite 

-D 'oo" 402.7 90 R2 none -100 48 
SF3 403.0 to 422.5 ft TIVA CANYON TUFF CRYSTAL POOR 

305-: b LOWER LITHOPHYSAL ZONE (Tpcpll) 
31 Pyroastic flow, densely welded, devitrified, moderate orange 31 . pink tuff with rare light gray pumice. phenocivsts of sanidine and 

-FD7 100 0 rare biolite compose less than 1 percent of the rock by volume.  
FD7 Lithioptrysal cavities compose up to 10 percent of the rock by 

- volume with vapor phase mineral coatings, additionally 10 
95;,0. * percent of the rock contains light gray vapor phase mineral spots 

31 FD8 up to 30 by 48 mm in size. Generally the tuff is hard (H3), slightly 310 F8 91 0 weathered (W3), and slightly to very slightly fractured (FD2).  
FD9 Lower contact is conformable.  

FD8 81 0 Discontinuity Measurements: 

FD6 Depth Angle* Rouhness Infillino 
315- 403.0-403.4 30 R2 quartz, Calcite 

404.0 70 R3 quartz, Calcite 404.3-406.0 5 R2 quartz, Calcite 
100 81 404.6 60 R2 none 

405.9-406.2 35 R3 quartz, Calcite 

H4 Tpcpul 406.4-406.7 25 R3 none FD3 406.4-407.6 5 R2 none 
. 408.3 60 R3 trace quartz 

320 . 409.2 60 R3 none 
409.5-409.8 25 R3 trace quartz, Calcite 
410.2-410.6 5 R3 clay, quartz, Calcite 
410.6-411.7 FRACTURE ZONE 

98 415.7 55 R2 clay, quartz, Calcite 
FD6 9 416.0-416.5 15 R2 clayey breccia, quartz 

, 418.8-419.7 FRACTURE ZONE 
325- D 

35".. 422.5 to 452.8 FL TrVA CANYON TUFF CRYSTAL POOR 
S,: - LOWER NON-LITHOPHYSAL ZONE (Tpcpln) 

*F7 Pyroclastic flow, densely welded, devitrified, pate red tuff with 
less than 1 percent light gray purrice clasts. Phenocrysts of 

96 34sanidene and plagioclase compose less than 1 percent of the i t:;.• rock by volume. Medium gray Ifthic dlasts compose less 1 
33ry- oFD6 g ca mepercent of the rock by volume. Generally the tuff is moderately 

hard (H4). slightly weathered (W3). with fracture densities mostly 
FD9 67 0 • moderately fractured (FD5) to intensely fractured (FD7) zones.  

, Lower contact undetermined, bottom of borehole at 452.8 ft.  

FD6 92 0 • Discontinuity Measurements: 

SDepth Anole* Rouohness Infillino 
335- FD7 100 0 422 9-423.6 5 R3 clayey breccia, quartz, iron 

-° oxide, Calcite 
;-8 424.3-424.6 20 R4 quartz, Calcite 

B R8 0 424.6-424.9 10 R3 quartz, Calcite 10FD5 0 1 ' 424.7-425.1 40 R3 quartz, Calcite 
1. 425.5-425.8 30 R4 Calcite, trace iron oxide 

FD8 426.2-429.2 " FRACTURE ZONE 
350 429.8 30 R4 trace Calcite, trace iron 

'i . oxide 
FD578 35430.1-430.8 10 R3 trace Calcite 

S430.6-431.3 20 R3 quartz. Calcite 
430.8 45 R4 Calcite, trace iron oxide 

X 75 0 431.0-431.6 0-25 R2 quartz, Calcite 
FD7 431.5-441.7 FRACTUREZONE 

-345- 435.5-435.8 20 R4 trace Calcite, trace iron 
93 0 oxide 

j.6 435.4 60 R3 trace Calcite 
io.. 436.3 45 R4 Calcite, trace Won oxide 
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#16 SHEET 7 OF 9 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,055.54 E 570,472.65 GROUND ELEVATION: 3672.03 

BEGUN: 6/26/2000 FINISHED: 8/7r2000 TOTAL DEPTH: 452.8 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 75.7 ft. HOLE LOGGED BY: USBRISMF 

REVEWED SB: Mark Mozeow

E... N-et U41 

NOTES SHEAR WAVE VELOCiT 0 CLASSIFICATION 
N•TEF w w AND PHYSICAL CONDITION - M w -S 

____________________ g ______________________

350

355

36O

365-: 

370

375

38O

385

39D

395-; 

4019

405-:

FD6 

FD7 

FD8 

FD5 

FD9 

FD7 

FD6 

FD5 

FD4

FD6 

FD7

85 

80 

83 

73 

56 

95 

90 

100 

100 

100

100

89 

100

FD31 100

FD6

90 

100

0 

0 

0 

47 

0 

0 

0 

25 

67 

89

55

0 

0 

78

63 

0 

0

Tpcpul

Tpcprnn

Tpcpll

437.8-438.1 25 
oxide 
438.1 45 
trace iron oxide 
438.1-438.3 20 
438.9 90 
441.3-441.5 25 
441.8 60 
442.0-442.3 40 
443.1 35 "443.3-443.7 20 
oxide 
443.7-443.9 F 
446.4 45 
449.4-450.0 5-3( 
iron oxide 
449.9 80 
449.9-452.8 C

R4 trace Calcite, trace iron 

R3 trace quartz, trace Calcite.

R3 
R3 
R3 

R3 
R3 

R2 
R3

trace Calcite 
Calcite 
ciayey breccia 
Calcite 
none 

nore 
quartz, Calcite, trace iron

RACTURE ZONE 
R3 none 

0 R3 trace quartz. Calcite, trace 

R3 dayey breccia 
LAYEY BRECCIA ZONE

* Angles are measured from core axis and are plus or minus 5 
degrees.
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H5 

H4

1-29 September 2002

FD3 

FD5

FD4

FD51 100
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FEATURE: Waste Handling Building 

LOCATION: ESF North Portal Pad 

BEGUN: 6/26/2000 FINISHED: 8/7/2000 

DEPTH TO WATER: Not Encountered

GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#16 
PROJECT: Yucca Mountain Project STA7 

COORDINATES: N 765.055.54 E 570,472.65 GRO 

TOTAL DEPTH: 452.8 ft. ANG 

DEPTH TO BEDROCK: 75.7 ft. HOLI

RE%,1

SHEET 8 OF 9

rE: Nevada 

(UND ELEVATION: 3672.03 

LE FROM HORIZONTAL: -9 

E LOGGED BY: USBR/SMF 

EWE) By. Marlt Mc~eown

at

2

Tpcpln

C, 

g 
37'

September 2002

z 
0 
z

0
0 

w 
3:

to 
w

H4

I
0 
C, 

I 
ft 
a.  
0 

I 
ft

I

1-30



GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#16 SHEET 9 OF 9 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,055.54 E 570,472.65 GROUND ELEVATION: 3672.03 

BEGUN: 6/26/2000 FINISHED: 8(7/2000 TOTAL DEPTH: 452.8 ft ANGLE FROM HORIZONTAL: -90' 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 75.7 ft. HOLE LOGGED BY: USBRJSMF 

REVIE=--A BY. Mam mcKeor

USeS 

Gravel 
(GP)

Tuff px" 
(Told) 

1i

A.pna-numeroc Descriptor 
descriptor

Post Tine 
Canyon 
Bedded 

Tuff 
(Tpbt5) M

ReaDNaSS 

Criteria

USCS 
Poo4t-rae 

Sand witl 
Silt 

(SP-SM) 

Tprom

SOIL 
USCS 

Silty Sand 
(SM) 

Tpcpul 

WELDING
Non-Welded 

FH
Extremely Core, fragnent, or exposure cannot 

be scratcoed wotn knife or soarp p!.ck; 
can on..oy.be cnopped wstn repeated neavy 
nareer b.own.  

Very Hard Cannot be scratched sith knife on soanp 
pick. Core or fragnent breaks with 
repeated heavy hamner blows.

Hard Can be scratrhed with knife or sharp 
pock o.tn doff.cu.ty (heavy pressure).  
Heavy nar-er blow reguired to break 
specimen.

Moderately Hard Can be scratched woth knofe or sharp 
pick with ltgnt pressure. Core or 
fragnent breaks wlt-, moderate ,aruer 
b..ow.  

Moderate.y Soft Can be grooved 2/16 -non (2-n) deep by 
snarp pick eoth moderate or heavy pressure.  
Core or fragment breaks with .ignt namer 
blow or neavy sanua. pressure.  

Soft Can be grooved or gouged easil.y by knofe 
or snarp pick with -. gnt pressure, can be 
scratched with fongernai.. Breaks with 
--ght to moderate manua. pressure.  

Very Soft Can be readi.ly ndented, grooved or gouged 
Oitt fingernaio., or carved witn a knofe.  
Breaks wHn it.-qgnt nanuar pressure.

A-poa-numeric 
descriptor 

H:

W2 

W3 

W4 

W5 

W6 

W7 

WS 

W9

USCS 
Poorly-grded 

Gravel with 
Sift 

(GP-GM) 9 
TWlpmn

U SA•MNG 

Descriptor 

Fresn 

tS--?esht*y weathered 

SO.gnt.y weathered 

Moderate.y to 
snignt-y weatnered 

Moderate y weatoered 

:ntense-y to 

moderate-.y weathered 

:ntense.y weathered

Very tntenseoy 
weathered 

Decomposed

USCS 
Silty Gravel 

(GM)

TpcplI Tpcp$'

!oI 
Ice

Genera. characteristics 
(strength, excavation, etc.) 

Hanier r.ngs wnes crystal--ne rocks are 
struck. A-most always rock excavation 
except for naturally weak or weakly 
cemented rocks such as 0i-tstones or shales.  

Hamrer rings when crysta.---ine rocks are 
struck. Body of rock not weakened. With 
few except.ons, suc as sao-tstones or 
snhaes, c-ass fled as rock eacavatoon.  

Hamner does not ring w-en rock is struck.  
Body of rock is s.og.nt.y weakened.  
Dependi.ng on fracturong, usua".y -s rock 
excavation encept in natura..y weak rocks suchi as slitstones or shna-es.  

Duo. sound when struck with hamnuer, 
usua3-y can be broken with moderate to 
heavy manua. pressure or by .ogot hammer 
b ow wotnout reference to p.anes of 
weakness suco as incipient or ha.r.ine 
fractures, or ve.n.ets. Rock is 
signo f.cant.y weakened. Usually common excavation.  

Can be aranuwated by hand. A.ways comnon 
excavation. Resistant inera.s sun, as 
ouartz nay be present as "str.ngers" on 
"d kes".

Descriptor 

..nfractured 

Very sl.qhtly fractured 

SB.gnt.y to very 
si.ghtly fractured 

Slight.y fractured 

Moderate-y to sw-ghnt.y 
fractured 

Moderataey fractured 

Moderately to ntense.y 

fractured 

ontense-y fractured

nArsor ODEtSIT? 

Criteria 
(fExcudes necnanoca. breaks) 

No observed fractures.  

Core recovered most-y in .engths greater than 3 feet (i M).  

Core recovered most-y in .engths from - to 3 feet (f00 to 2,000 mr) with few 
scattered .engths -ess than - foot (3

0
0 mnn) or greated than 3 feet ( f,000 rn).  

Core recovered nost.y in .engths from 0.33 to -. 0 foot (¼00 to f00 mu) with most 
.engths about 0.67 ftoot (200 rmn).  

Lengths average from 0.i to 0.23 foot (30 to -00 -s) w-tn fragenented intervals.  
C ore rcovered non t-y in engt.ns -ens tan 0.3- foot (00 run).

Very onnensely to 
intense.y fractured 

Very intenesen y fractured Core recovered most.y as chps and fragments witt a few scattered short core lengths.

ANL-MGR-GE-000003 REV 00 1-31 September 2002

H.

H3 

H4 

H6 

H7

09 

I
0P

A-pna-nuneric 
descriptor 

FDO 

FD: 

FD2 

FD3 

FD4 

FDA 

FD6 

FD7 

FD6 

FD9
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#17 SHEET 1 OF 13 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,075.86 E 571,041.88 GROUND ELEVATION: 3672.38 

BEGUN: 6/27/2000 FINISHED: 8/29/2000 TOTAL DEPTH: 667.8 f. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 96.1 ft. HOLE LOGGED BY: USBRISMF 

REVIEWED S.. Mark LAawve 

t: 
z > W 8 Z, CLASSIFICATION 

NOTES SHEAR WAVE VELOCI'P C S C t • AND PHYSICAL CONDITION 
Z _ go -

Acquire geologic design data 
required to develop Waste 
Handling Building foundation 
parameters and seismic hazard 
analysis.  

DRILL EQUIPMENT: 
Schramm T685 Drill Rig. UDR 
1000 Drill Rig 

DRILLER: 
G. Fox. D. Harrison; Dynatec 
Drilling, Inc.; Salt Lake City, Utah.  

DRILUNG METHOD: 
Installed 12" hammer.  
Hammered to 4.9'. Cemented 
casing with 1.1' sticdup.  
Re-entered hole on 8/7/2000 with 
P0 coring system. Cored with 
PQ to 195.3'. Used PQ rods as 
casing and installed HO coring 
system. Cored with HO to the 
total depth of 667.8.  

DRILLING CONDITIONS: 
0.0 to 187.8: Replaced 3 bits, lost 
circulation at 47.89 and 175.3'.  
187.8 to 667.8: No circulation, 
hard, smooth drilling.  

DRILLING FLUID: 
0.0 to 4.9: non-potable water 
4.9 to 667.8: non-potable water, 
Ouvk Gel mud with EZ-Mudand 
LCM to re-establish circulation.  

LOSS INTERVALS: 
47.8 ft.  
175.3 ft.  
187.5 ft.* 

Remaining hole drilled 
without circulation 

CASING RECORD: 
0.0 to 4.9:10.75 O.D. casing 
0.0 to 195.3: P0 casing 
195.3 to 667.8: No casing 

HOLE COMPLETION: 
Pulled all casing and left open for 
future geophysical studies.

0 

100 

59 

69 

49 

84

5

10

15

20

25

30-: 

35

40

45-
61

67

CDCOMMENTS: 1. AN messuremnents arm in feet unlees noted otherwise.  

10 2. No attemnpts to re-estabursh circulation were made below. 187.5 ft.  

3. LCM (Lost Circulation Material) consists calleriane cutfir~ or cotton seed huts.  

4. USCS classifications were determined in the field, where limited classification 
X rn~~ethods were available due to the desire to kep samnples intact for future tests.  

C) 5. Shear Wane Velocity data from GaoVision suspension logging. Data acqitired fromn 
0 ~downhole survey conducted after PVC casing installed.  

is 6. USCS soIl classifications are, based on US8R Earth Manual procedure 5005 
Determining Unified Sodl Classification Visual Method)

Oal 
(GP)s 

Oal 
(GP-GM)t

Qal 
(GP)c 

Qal 
GP-GM)s 

Qal 
GW 

Gal 
(GP)c 

Gal 
(GM~s 

Gal 
GP-GM)st 

Oal 
(GP)c

Qat 
GW-GMX

I

67 

48 

100 

66 

100 

76 

93 

69
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0.0 to 96.1 fit. QUATERNARY ALLUVIUM (eal) 

0.0 - 5.0: No Recovery 

5.0 - 7.1: POORLY GRADED GRAVEL WITH SAND (GP)s 
About 75% coarse to fine, angular gravel; about 20% 
predominately fine to medium sand; about 5% silty fines; 
maximum size recovered, 65mm; slightly to moderately 
cemented with caliche; light brown; moist; strong reaction with 
HCI.  

7.1 - 14.2: POORLY GRADED GRAVEL WITH SILT AND SAND 
(GP-GM)s 
About 60% gap graded fine and coarse, angular to subangular 
gravel; about 30% coarse to fine sand; 10% fines with low 
plasticity; maximum size recovered, 70mm; non-cemented to 
moderately cemented with caliche; light brown; moist weak to 
strong reaction with HCI.  

14.2 - 22.2: POORLY GRADED GRAVEL WITH COBBLES 
(GP)c 
About 85% predominately coarse and fine. angular to subangular 
gravel of densely welded tuff with some caliche coating; about 
10% predominately fine sand; about 5% fines with low plasticity; 
non-cemented to slightly cemented with caliche; light brown, 
maroon and gray; moist; strong reaction with HCO. Total interval 
(by volume) approximately 10% cobbles; maximum size 
recovered, 120mm.  

22.2 - 25.5: POORLY GRADED GRAVEL WITH SILT AND SAND 
(GP-GM)s 
About 60% coarse to fine, angular gravel; about 30% fine to 
coarse, predominately angular sand; about 10% fines with low 
plasticity; maximum size recovered, 65mm; non-cemented to 
slightly cemented with caliche; light brown to gray; moist; strong 
reaction with HCI.  

25.5 - 28.4: WELL GRADED GRAVEL (GW) 
Almost entirely coarse to fine, angular to subangular, well graded 
gravel; trace of sand and fines that appear to be washed out; 
maximum size recovered, 65mm; non-cemented; light brown, 
gray, white and maroon; moist.  

28.4 - 32.9: POORLY GRADED GRAVEL WITH COBBLES 
(GP)c 
About 85% coarse to fine, angular to subangular, poorly graded 
gravel; about 10% predominately coarse to fine, angular sand; 
about 5% silty fines; non-cemented; brown to gray; moist strong 
reaction with HCI. Total interval (by volume) approximately 15% 
cobbles; maximum size recovered, 130mm.  

32.9 - 34.3: SILTY GRAVEL WITH SAND (GM)s 
About 45% coarse to fine, angular to subangular gravel with a 
trace of caliche coating some surfaces; about 40% fine to coarse, 
angular sand; about 15% silty fines; maximum size recovered.  
45mm; non-cemented to slightly cemented; light brown; moist; 
strong reaction with HCI.  

34.3 -36.8: POORLY GRADED GRAVEL WITH SILT, SAND AND 
COBBLES (GP-GM)sc 
About 65% predominately tine to coarse, angular to subangular 
gravel; about 25% fine to coarse, predominately medium sand; 
about 10% silty fines; non-cemented; light brown; moist; strong 
reaction with HCO. Total interval (by volume) approximately 5% 
cobbles; maximum size recovered. 95mm.  

36.8 - 44.0: POORLY GRADED GRAVEL WITH COBBLES 
(GP)c 
About 85% coarse to fine, angular to subangular gravel; about 
10% predominately fine sand; about 5% fines with low plasticity; 
slightly to moderately cemented with caliche; light brown; moist;



GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#17 SHEET 2 OF 13 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,075.86 E 571,041.88 GROUND ELEVATION: 3672.38 

BEGUN: 6/27/2000 FINISHED: 8/29/2000 TOTAL DEPTH: 667.8 ft. ANGLE FROM HORIZONTAL: -9b 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 96.1 ft. HOLE LOGGED BY: USBR/SMF 

REPEVDB arktf.cdeown 

8 CLASSIFICATION NOTES SHEAR WAVE VELOCIT w AND PnYSICA CON ~~~ W •i- u AND PHYSICAL CONDITION 

°_ X _ 
Bsrn ecinwt Z oa itra b oue prxmtl

, /I•- strong reactIion with MCI. Tota inera (by volume) aprximtl 
15% cobbles of welded tuff: maximum size recovered, 190iam.  

56 44.0 - 50.8: WELL GRADED GRAVEL WITH SILT AND 

=c) COBBLES (GW-GM)c 
About 80% fine to coarse, angular to subangular, well graded 

55 gravel; about 10% fine to coarse, angularsand; about 10% silty 
55 fines; non-cemented; light brown to gray-, moist; weak to strong 

57 • - reaction with HC. Total interval (by volume) approximately 5% o cobbles: maximum size recovered. 110amm.  

Del e (GP)c a 50.8 - 65.4: POORLY GRADED GRAVEL WITH COBBLES 
(GP)c 60 About 90% coarse to fine. angular to subangular, poorly graded 

'0 - gravel; about 5% fine to coarse, angular sand; about 5% silty 
fines; non-cemented to moderately cemented with calicle; light 

o brown to gray; moist; strong reaction with HCI Total interval (by 
o 0 volume) approximately 15% cobbles (greater near bottom of " 71 o interval); maximum size recovered, 135mm.  

o 65.4 - 66.3: SILTY SAND (SM) 
65- 100 About 80% predominately fine sand; about 20% silty fines; trace 

100 of fine gravel; maximum size recovered, 5mm; non-cemented; 100 SM I light brown; moist strong reaction with HCI.  Qali 
9 GM3 De 663-69.3: SILTY GRAVEL WITH SAND (G"~ 3 (GM)s About 55% coarse to fine, angular to subangular, poorly graded 

gravel; about 30% predominately fine to coarse, angular sand; 
70-- Gal about 15% silty fines; maximum size recovered, 75mm; 

65 aGP-GM)s non-cemented; light brown to gray; moist; weak reaction with 
HCI.  

"69.3 - 71.9: POORLY GRADED GRAVEL WITH SILT. SAND 

6 AND COBBLES (GP-GM)sc 
)0 About 70% predominately coarse to fine, angular to subangular, 

75 - poorly graded gravel; about 20% coarse to fine, angular to 
75- subangular sand; about 10% silty fines; non-cemented to 

65 o moderately cemented with caliche; light brown to gray; moist; no 
5• to weak reaction with HC. Total interval (by volume) 
o approximately 30% cobbles; maximum size recovered, 100mm.  

Dael 53 (GP)c 71.9 - 85.3: POORLY GRADED GRAVEL WITH COBBLES 5 (GP)c 
80- About 85% predominately coarse to fine, angular to subangular, 

o ) poorly graded gravel; about 10% coarse to fine, angular sand; 
81 about 5% fines with no to low plasticity; non-cemented; some 

o - caliche coating on gravel and cobbles; brown to gray; moist; no to 
strong reaction with HCI. Total interval (by volume) approximately 

57 30% cobbles of welded tuff; maximum size. 150mm.  

8510 6 85.3 - 92.4: SILTY SAND WITH GRAVEL AND COBBLES S,, ,(SM)gc 
9M About 45% coarse to fine. angular to subangular sand; about 

40% coarse to fine, angular to subangular gravel; about 15% S- firmS with no to low plasticity; non-camented So strongly 
-- Dal cemented with caliche at 87.7; light brown, gray, beige; moist; "100 (SM)gc " weak to strong reaction with HCI. Total interval (by volume) 

go0- approximately 5% cobbles; maximum size recovered. 100mm.  

92.4 to 287.2 ft. BEDDED TUFF (Trnbtl) 
Nonwelded pyrodcastic flows with paleosols and reworked "tuffaceous sediments. Medium grained (1 to 5 mm), very pale 

98 98 . gray and generally massively bedded. Strongly caliche cemented 
from 92.4 to 96.1 ft. Tuff is moderately to slightly weathered 

95 (W4-5), some isolated intensely weathered (W7) zones; ranges 
from moderately hard (HA,) to soft (H6), most moderately soft 

FDO 100 100 (H4); mostly unfractured (FD0) to slihUy fractured (FD3) with 
some small zones of up to intensely fractured (FD7). Lower 

. contact is unconformable.  

i 10 1Discontinuity Measurements: 

-Deoth Anole Rouohness Infillino 
H5 Tmbtl t102.0 70 R3 clay 

- ,0 104.4 65 R3 day, calcite calcite • 0 10. 115.3 35 R4 none 

FDI 120.0 30 R4 none 
138.8 90 R2 none 

S141.4 45 R3 none 
10 63 63 - 141.8 45 R3 none 

., 156.7 30 R3 none 
0 171.0-172.3 0-5 R2 none 

0,FD0 100 10o " 176.8 65 R3 trace clay 
ANL 100 REV 000S 175.8 60 R3 none " ";- 183.8 60 R3 none 
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#17 SHEET 3 OF 13 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766.075.86 E 571,041.88 GROUND ELEVATION: 3672.38 

BEGUN: 6/2712000 FINISHED: 8/29/2000 TOTAL DEPTH: 667.8 ft. ANGLE FROM HORIZONTAL: -4 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 96.1 ft. HOLE LOGGED BY: USBR/SMF 
REVEWE-__S1• %.• as•,ueoqý 

Fn W 
NOTES SHEAR WAVE VELOCiT Z CLASSIFICATION N•OTE [ WVAND PHYSICAL CONDITION 

UJ __ __ _ * a

-- 186.0 40 R3 trace clay 
100 100 188.0 40 R3 day 

FDO 188.6 80 R4 none 
188.8 85 R3 none 

100 100 189.1 90 R3 trace black mineral 
192.5 30 R2 clayey breccia 
199.3 35 R3 none 

1199.8 90 R2 none 

FD1 72 72 201.0 80 R4 trace clay 
o 214.3 90 R3 none 

231.4-243.9 CLAYEY BRECCIA ZONE 
244.6 25 R2 day, iron oxide 
247.6-247.8 FRACTURE ZONE 
248.0 90 R3 day 

FD2 94 76 249.1-249.4 15 R3 clay 
250.2 60 R3 none 
251.3-251.9 20 R2 none S253.8 B5 R3 trace dlay 

10 10 254.9 85 R4 none 
- 270.7 80 R3 none 

283.2 90 R2 trace clay 
1FD1 0 NR 291.6 80 R3 day 125-:_ 300.3-300.7 30 R3 none 

300.8 90 R3 none 
95 95 301.6 80 R2 trace clay 

305.6 65 R4 trace clay 

100 100 287.2 to 348.4 ft. COMB PEAK IGNIMBRITE - TUFF X (Tpki): 
- Nonwelded pyrodastic flow, moderately indurated, approximately 

100 100 20-25% pumice (up to 35x30mm). about 10-15% volcanic fithic 
fragments (up to 25x25mm). Tuff is medium gray with rare 

6 9phenocrysts of sanidine, biotite, magnetite, and manganese 
oxides. Generally the tuff is moderately soft (H5), moderately to 
slightly weathered (W4), and unfractured (FDO) to very slightly 

FDO 100 100 fractured (FD1).  

13 69 69 Discontinuity Measurements: 

SDepth Anale" Roumhness Infilling 
100 100 347.5-348.0 15 R2 trace day 

bt . 348.4 to 368.9 ft. POST TIVA CANYON BEDDED TUFFS STmbtl (TpbtS): 

Nonwelded. possibly reworked fallout tephra and pyroclastic 
FD3 100 78 flows separated by distinct paleosols, The tuff is devitrifled, pale 

yellowish-brown, moderately indurated, with 10 to 15 percent 
pumice, (up to 1Ox7mm), and less than 10 percent volcanic lithic 
fragments generally less than 1 mm. The bedded tufts have 
about 1 percent feldspar, quartz phenocrysts, and approximately 
2% biotite. Generally the bedded tufts are moderately soft (H5), 
slightly (W4) to moderately (W6) weathered, mostly unfractured (FDO) to moderately fractured (FD4) with one zone of intensely 

100 100 fractured (FD7)rock.  

Discontinuity Measurements: 

FDO - -Depth Anole* Rouohness Infillino 
364.2-364.8 20 R3 none 
366.6 50 R2 none 

H5 374.3-376.2 CLAYEY BRECCIA ZONE 
100 100 376.1 35 R2 trace day 

381.2-381.6 25 R2 none 

368.9 to 478.0 ft. TIVA CANYON TUFF CRYSTAL RICH 

NON-LITHOPHYSAL ZONE (Tpcm) 
Pyroclastic flow, moderately to mostly densely welded, devitrified, pale red to grayish red, with 10 to 15 percent phenocrysts.  

FD1 100 100 Phenocryts mostly feldspar and some quartz, with rare biotite and 
pyroxene. Rare pumice from 392.0 to 404.6 feet and up to 20 
percent pumice from 404.6 to 457.2 feeL Up to 15 percent 
lithophysal cavities from 457.2 to 471.4 feet. Generally the rock 
is soft to mostly moderately hard (H4), moderately to slightly 
weathered (W4), slightly (FD4) to intensely fractured (FDS).  

1010Discontinuity Measurements: 

Depth Angle* Roughness Infillino 
FD0 381.3-382.3 10 R2 none 

383.8 75 R3 none 
3838-384.3 10 R3 none 

1384.3-385.1 0 R3 none 

S100 100 385.8-386.0 25 R3 calcite 
0 386.4-387.2 10 R2 breccda 

387.0-388.5 5 R3 calcite 387.1-387.5 25 R3 none 
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#17 SHEET 4 OF 13 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,075.86 E 571.041.88 GROUND ELEVATION: 3672.38 

BEGUN: 6/27/2000 FINISHED: 8/29/2000 TOTAL DEPTH: 667,8 ft. ANGLE FROM HORIZONTAL: -St 
DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 96.1 ft. HOLE LOGGED BY: USBR/SMF 

REVEEWEDB"' V Mackeown 

NOTES FSHEAR WAVE VELOCIT E § Z CLASSIFICATION 

i z • • W _W AND PHYSICAL CONDITION 

Z 3 Wa L _________________

170- 390.0 30-90 R2 none 
390.7 60 R3 none 

100 100 391.0 60 R3 none 
391.1-391.7 20 R2 none 
391.1-391.7 FRACTURE ZONE 
394.5-397.5 FRACTURE ZONE 

100 100 397.2 40 R3 none 
17, 398.7-399.4 5-10 R2 trace day 

399.8 70 R3 none 
FD1 401.1 60 R3 none 
_D1 401.4-402.0 25 R3 day 

100 100 402.0-402.5 25 R2 none 
100 100 403.4 50 R4 trace clay 

403.8 30 R3 clay 
404.4 60 R3 none 

-- 404.6 20-30 R3 day 
405.1-405.3 30 R3 day 
407.0-407.6 5-10 R2 none 8407.8 65 R3 none 

411.9-412.1 35 R3 day 
412.2-413.8 FRACTURE ZONE 
414.2-414.8 15 R3 clay 

185 415.7 70 R3 quartz, calcite 
FD2 100 100 417.3 35 R3 none 

417.8 60 R3 none 
418.8-419.9 5-15 R3 day 
419.9 45 R3 clay 

FD6 100 0 0 421.3 35 R3 clay 
422.5 55 R3 clay 

19-- FD5 100 86 423.5-424.0 10-20 R3 none 
424.3-425.8 0-35 R2 none 425.9 60 R3 iron oxide 

97 85 426.0 60-80 R3 trace iron oxide 
427.0-427.2 45 R2 brecca 
427.4-428.2 50 R2 trace calcite 

lg5 428.8 55 R3 trace calcite, trace ron 
80 80 . oxide 

S431.2 40 R3 day 
. 431.7 85-90 R2 day, sand 

S66 66 " 434.7-437.3 FRACTURE ZONE 
. : 438.5-440.6 FRACTURE ZONE 

441.5-442.2 5-30 R2 trace iron oxide 
H5 Tmbtl ... 442.1 45 R3 trace iron oxide 

443.4 50 R2 none 2 - 444.0-444.2 35 R2 trace iron oxide 
o 444.4-444.6 40 R3 none 

446.7-447.0 40-50 R3 none S- 447.7 40 R2 none 

447.8-448.0 30 R2 none 
100 40 448.2 40-50 R2 none 

448.3-449.5 BRECCIA ZONE 
205- 450.4-451.0 0-20 R2 none 

451.6-452.0 0-45 R2 none 
451.8`452.4 0-10 R2 none 
452.2-452.4 40 R3 none 
455.2-455.7 25 R2 none 

0 10 0.*. 458.0-458.2 40 R3 trace iron oxide -i~• 48.-458.6 3 R3 trace fmn oxide 

210 459.4-462.9 FRACTURE ZONE 
463.5 65 R5 none 
463.9 70 R2 breccia 

464.2 60 R3 breccia 
464.4 80 R3 breccia 
466.9 75 R4 none 
467.9 55 R4 none 

215• 54 50470.7 90 R3 none 54 50 •

478.0 to 587.3 ft TWA CANYON TUFF CRYSTAL POOR 
o UPPER LITHOPHYSAL ZONE (Tpcpul) 

Pyrodastic flow; densely welded; moderate orange-pink with light 
gray mottling; about 3-5% llthophysal, "iWegular up to 50xSOmm 
with light gray crystal coating; pumice very light gray up to 

0 0 1 Ox4mm; rare felsics of sanadine; rare biolite. Hard (H3) to soft 
M • (H6), most moderately hard (H4); slightly (W4) to intensely (W7) 

weathered; slightly fractured (,F2) to very intensely fractured 
(FD9).  

31 11 SDiscontinuity Measurements: 

D " eoth Anle* Rouahness Infillino 
22 478.3 25 R4 none 

478,4 70 R4 dayey breccia 
44478.5 70 R4 clayey breccia 

S-" 478.8 60 R4 none X 1 479.3 55 R4 none 
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#17 SHEET 5 OF 13 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,075.86 E 571,041.88 GROUND ELEVATION: 3672.38 

BEGUN: 6/27/2000 FINISHED: 8/29/2000 TOTAL DEPTH: 667.8 ft. ANGLE FROM HORIZONTAL: -91 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK, 96.1 ft. HOLE LOGGED BY: USBR/SMF 

REV`-EWED B Mr lA~i 4(oU~r 

1 >I , >,g •.  

NOTES SHEAR WAVE VELOCIr CLASSIFICATION S• iW AND PHYSICAL CONDITION 

______________ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I I _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ 797 6 5 taecil

F34 39479.7 65 R5 trace calcite FD3 44 3 Tmbtl 479.8 45 R4 none 

46 0 479.8 15 R3 none 
480.0 50 R4 none 
480.1 45 R4 none 
480.2 50 R4 none 
480.3 60 R4 none 
480.3 85 R4 none 

235- 480.9 30 R3 breccia 
481.3 40 R3 dayey breccia 

46 0 481.7 70 R4 none 
FD7 (Clayey 485.4 40 R3 none 

488.7 50 R3 sandy, pumiceous breccia Breccia)9.8 55 R3 trace manganese oxide 
- 491.1 55 R4 sandy, pumiceous breccia 

2 493.6 60 R4 none S493.6 35 R4 none 
- 493.8 25 R4 none 

496.3 40 R6 day 
95 0 496.7 45 R4 none 

496.9 35 R4 none 
496.9 60 R4 none 
497.1 55 R4 none 

24 FD3 100 94 . - 497.6-499.2 BRECCIA ZONE trace iron oxide 
500.1 40 R2 breccia 

" " 500.3 20 R3 none 
500.5 20 R3 none 

,.::- 502.8 80 R5 none 
H4 100 53 506.8 45 R3 bracSa 

509.6 15 R3 none 
2 518.9 45 R2 none 

o 522.4 15 R2 trace iron oxide "522.6 65 R3 none 
523.2 65 R3 none 

, 545.0 10 R3 none 
FD4 551.2 25 R2 none 

551.4 30 R4 day, gravel 
25 100 51 - 552.6 5 R3 none 

554.1 5 R3 none 
555.8 30 R3 none 
557.5 5 R3 day, sand, gravef 

, 559.0 5 R3 day, sand, gravel S559.2 30 R4 sand, gravel 
561.2 10 R3 none 

260• 564.9 35 R3 quartz 
• 565.4 30 R4 day 

565.9 40 R3 none 
100 100 . 566.9 20 R3 none 

pt: - 567.4 15 R2 none 
0 568.2 35 R3 none 

568.9 20 R3 quartz "26-" 569.7 10 R3 quartz 
2FD3 Tmbtl 571.1 60 R3 none 

100 100 587.3 to 637.6 ft. TIVA CANYON TUFF CRYSTAL POOR 
MIDDLE NON-LrTHOPHYSAL ZONE (Tpcpmn) 
Pyroclastic flow; densely welded; predominately pale red with 

H-" *. mottled dark grayish red and scattered pink spots; mottling 
H5 - becomes fine-grained and merges with rock fabric with depth; 

27 mineralization in fractures only; less than 5% flattened and 
altered pumice; less than 1% lithophysal: lithics increase with 

depth. Moderately hard (H4); slightly to moderately weathered (W4). very slightly fractured (FD1) to moderately fractured (FD6).  
Discontinuity Measurements: 

27 100 100 1; Depth Anole Rouwhness Infillino 
0 580.4 35 R3 none 

580.8 70 R3 none 
581.2 30 R3 none 

* 582.8 15 R3 trace clay 
, 583.3 15 R3 trace day 

FD1 588.8 10 R3 quartz, sand 
28D- 590.0 15 R3 trace quartz 

591.5 65 R3 none 
592.1 40 R3 none 
594.4 15 R3 sand 
595.3 20 R3 none 
596.0 20 R3 quartz "28 100 100 ';', 597.5 10 R3 quartz 

, _ 599.1 20 R3 trace quartz S610.8 30 R4 trace clay 
611.2 55 R3 none 
611.4 50 R3 none 
612.1 30 R3 day
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#17 SHEET 6 OF 13 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,075.86 E 571,041.88 GROUND ELEVATION: 3672.38 

BEGUN: 6/27/2000 FINISHED: 8/29/2000 TOTAL DEPTH: 667.8 ft. ANGLE FROM HORIZONTAL: -9D 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK 96.1 ft. HOLE LOGGED BY: USBR/SMF 

REVIEfED W B. Marla ewr 

NOTES SHEAR WAVE VELOCIT Z CLASSIFICATION 
Ms AND PHYSICAL CONDITION 

LU 
IL CL

.H: 10 0 615.4 20 R4 none 
29D- 619.2 35 R2 none 

621.1 15 R3 none "622.4 30 R3 none 
624.0 15 R2 calcite 

H4 624.6 80 R2 none 
625.7 40 R3 none 

,, j.. _ 626.4 85 R2 none 
;':: 628.1 35 R3 quartz S100 100 .'- 628.4 60 R2 none 

630.2 15 R3 quartz 
n 631.0 30 R3 sand, gravel 

632.3 50 R3 none 633.7 40 R2 manganese oxide 
H5 634.0 15 R3 clay, sand 

FD1 634.9 40 R3 day, sand 
300, 635.4 30 R3 none 

635.9 75 R2 none 
636.3 5 R3 none 
636.7 25 R3 none 
637.4 15 R2 none 

H-44 637.6 to 653.2 ft. TIVA CANYON TUFF CRYSTAL POOR 
305-- 88 6LOWER LITHOPHYSAL ZONE (Tpcp6) 88 8 Pyroastic flow, densely welded, devitrified, moderate orange 

pink tuff with rare light gray pumice. Phenocyata of sanidie and 
- ,;P"- - rare biotite compose less than 1 percent of the rock by volume.  

Lithophysal cavities compose up to 10 percent of the rock by 
volume, up to 5 by 15 mm in size. Generally the tuffis 
moderately hard (H4), slightly weathered (W3), and moderately to 

310-: intensely fractured (FD6). Lower contact is conformable.  

Discontinuity Measurements: 

Deoth Anole Rouohness Infillino 
637.8 20 R3 day, sand, gravel 
638.7 65 R3 pumice "315-- 639.0 75 R4 manganese oxide 

31599 99 7 640.1 60 R3 none 
- 640.5 35 R3 none 

641.0 35 R2 none 
642.1 85 R2 none 

Tpk " - 644.0 65 R3 daysand 
645.2 75 R2 none (Tuff X) 646.4 70 R2 none 

36 ' 46.6 30 R2 trace white mineral 3 
646.8-647.0 40 R2 day, sand, gravel 
648.0-648.7 20 R2 day, sand, gravel 
650.3 30 R3 sand 
650.4 30 R3 sand 
651.9 25 R3 sand 

325-: FDO 100 100 653.2 to 667.8 ft TIVA CANYON TUFF CRYSTAL POOR 
LOWER NON-LITHOPHYSAL ZONE (Tpcpln) 

.i ." Pyrodastic flow, densely welded, devitofied, pale red tuff with 
,H5 less than 1 percent light gray pumice clasts. Phenocrysts of 

sanidine and plagiodase compose less than 1 percent of the 
rock by volume. Medium gray lithic dasts compose less 1 
percent of the rocd by volume. Generaily the tuff is moderately 

330- ,..-, hard (H4), slightly weathered (W3), with fracture densities moestly 
moderately to intensely fractured (FD7). Lower contact 
undetermined, bottom of borehole at 667.8 ft.  

"Discontinuity Measurements: 

SDeot Anole" Rouahness Infilling 
653.5-857.4 5-15 R2 lapelli tuft 

33- 100 100 ..- 657.4 40 R2 day, send 
658.5-658.7 25 R3 day, sand 
661.0-662.0 0-10 R4 none 
661.1-661.3 30 R3 none 
662.4 60 R4 none 

O 663.0 65 R3 none 
663.0-663.3 25 R4 none 

340- 663.4 55 R3 none 
663.9-664.1 30 R4 quartz 

- 664.2 65 R2 trace quartz 
C•• 665.3 30 R4 none 

665.7 35 R4 none 
S666.3 45 R3 trace calcite 

FDI 9 93 66683-666.6 30 R4 none 
ID 345 -, 666.5-667.1 0-10 R3 quartz, calcite 

6 ' 67.2 45 R2 clayey brecoda 
A00 , 
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FEATURE: Waste Handling Building 

LOCATION: ESF North Portal Pad 

BEGUN: 6/27/2000 FINISHED: 8/29/2000 

DEPTH TO WATER, Not Encountered

OG OF DRILL HOLE NO. UE-, 
PROJECT: Yucca Mountain Project 

COORDINATES: N 766,075.86 E 571,041.88 

TOTAL DEPTH: 667.8ft.  

DEPTH TO BEDROCK, 96.1 ft.

H4

1-40

Tpain

SHEET 8 OF 13

STATE: Nevada 

GROUND ELEVATION: 3672.38 

ANGLE FROM HORIZONTAL: -9) 

HOLE LOGGED BY: USBR/SMF 

REVIEWED BY Mark MCI~eown



GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#17 SHEET 9 OF 13 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,075.86 E 571,041.88 GROUND ELEVATION: 3672.38 

BEGUN: 6127/2000 FINISHED: 8/29/2000 TOTAL DEPTH: 667.8 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 96.1 ft. HOLE LOGGED BY: USBR/SMF 

REVIEWED BY la,, Mceaow 

Iz 
NOTES SHEAR WAVE VELOCIT z CLASSIFICATION I D AND PHYSICAL CONDITION 

_________ ______~___________________

470j 

475-: 

48(

485

490

495

500-: 

505

510-: 

515

520-: 

525-

I

H6 

H5 

H4

H6 

H4 

H4

H6

H3

H4

FD8 

FD7 

FD6

FD5

82 

89 

83

41 

56 

83

93 93

FD41 87 78

FD6 

FD8 

FD7

100 

80

FD41 89

FD8

FD7

FD9 

FD8

FD5

FD7 

-FDS 
FD7 

FD8 

FD6 

FD8

69

54 

89 

100 

77 

89

100 

64 

100 

75 

91 

81 

60

52 

46 

74 

21

0 

43 

0 

0 

64 

39 

0 

0 

0 

0 

0 

0

FD31 1001 86

Tpcn

(Fracture 
Fill)

Tpcpul

(Fracture 
Fill) 

Tpcpul 

(Fracture 
Fill)

I CWul 
(Fracture 

Fill) 

Tpcpul 

(Breccia) 

Tpcpul

0.�
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FEATURE: Waste Handling Building 

LOCATION: ESF North Portal Pad 

BEGUN: 6/2712000 FINISHED: 8129/2000 

DEPTH TO WATER: Not Encountered

GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#17 SHEET UC 

PROJECT: Yucca Mountain Project STATE: Nevada 

COORDINATES: N 766,075.86 E 571.041.88 GROUND ELEVATION: 3672.38 

TOTAL DEPTH: 667.8 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO BEDROCKI 96.1 ft. HOLE LOGGED BY: USBR/SMF 

REV'E WED BY: Mark McKeown

0

H4

Bj 
'a

z 
w 
0

'a 

'a

_-

C-, 

C,
-1.-I-I"
100 86

Tpcpul

September 2002

i

1-42





GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#17 SHEET 12 OF 13 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,075.86 E 571,041.88 GROUND ELEVATION: 3672.38 

BEGUN: 6/27r2000 FINISHED: 8/29/2000 TOTAL DEPTH: 667.8 ft. ANGLE FROM HORIZONTAL: -0 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 96.1 ft. HOLE LOGGED BY: USBRISMF 

REVEWED B". Mark McKeown 

NOTES LHEAR WAVE VELOCTIT' 8n IECLASSIFICATION Sfej _ _jAND PHYSICAL CONDITION 

_ x

650

655

660

665-

t

H4

BOTTOM OF HOLE

99 75

1001 80

FD4 -

1001 67

FD6 92 19

Tpcpt

Tpcpln

'-c 

".€1
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#17 SHEET 13 OF 13 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,075.86 E 571,041.88 GROUND ELEVATION: 3672.38 

BEGUN: 6/27/2000 FINISHED: 8/29/2000 TOTAL DEPTH: 667.8 ft. ANGLE FROM HORIZONTAL: -9W 

DEPTH TO WATER: Not Enonuntered DEPTH TO BEDROCK; 96.1 ft. HOLE LOGGED BY: USBR/SMF 

REV.IIE,'ED BY Mar Mcreow

USCS 
Poorly-graded 
Gravel with 

Sand 
(GP)s

Pre-Ranier 
Mesa 

Bedded 
Tuff 

(Tmbtl) N
Biarscia

uses 
Poorly-graded 

Gravel wilh 
Silt 

(GP-GM)

Tuff "x" 
(Tpki)

U

uSCS 
Pooy-gaded 

Grav) 
(GP)

SOIL 
USCS 

Wel-graded 
Gravel 
(GW)

ROCK 
Tpc= Fracture Fill 

Material

USCS 
Silty Gravel 

(GM)

Tpcpul

USCS 
Well-graded 
Gravel with 

Silt 
(GW-GM)

Tpcpmn

v-f

USCS 
Silty Sand 

(SM) 

EEM
TpcPtl

Mb

ma]auzs

Alpna-numer-c Descriptor 
descriptor

Non-Welded 

D]
Criteria

-xtreme-y Core, fragment, or exposure cannot 
be scratrced Zwtn knofe or snarp pick; 
can on. be cn.pped w-th repeated neavy 
namwer b .ows.  

Very Hard Cannot be scratched with knife or sharp 
p -ck. Core or fragment breaks w..tn 
repeated neavy namer b.ows.

Hard Can be scratched with knife or sharp 
SLck uwtn diffLcu-ty (neavy pressure).  
eavy nammer b-ow required to break 

spec. men.  

Moderate-y Hard Can be scratched with knDfe or snarp 
pick wrth .. ght pressure. Core or 
fraoment breaks wuth moderate nammer 

Moderately Soft Can be grooved I/-6 -nch (2mm) deep by 
snarp prckr ithmoderate orravy pressre.  
Core or fragment breaks w-th -..gt nammer 
b.ow or ieavy manua- pressure.

Soft Can be grooved or gouged easily by knife 
or sharp pick wotn -.g1t pressure, can be 
scratcred with f-_ngerna . Breaks witn 
i1gq.t to moderate manua. pressure.

Very Soft Can be readi-y.indented, grooved or gouged 
w.ith fingernai tor carved woth a knife.  
Breaks wrt, ..oght manua- pressure.

WELDING 
Densely Welded

ALpha-numer-c 
descriptor 

W,

W2 

W3 

W4 

WS 

W6 

W7 

WS 

W9

Moderately Welded

Descriptor 

Fresn 

Slowht-y weathered 
to fresh 

S.qignt-y weatnered 

Moderate.y to 
sghqnt-y weatnered 

Moderatery weathered 

:ntenseoy to 

moderate-y weatnered 

intense-y weatnered

Very intensey 
weathered 

Decomposed

Genera: cnaractecist-cs 
(strengtn, excavation, etc.) 

Nammer r.nws whnen crysta- ane rocks are 
struck. A-most a-ways rock excavation 
except for natura-7y weak or weak y 
cemented rocks such as Saltstones or sha-es.  

Hamer rings when crysta.:ie rocks are 
struck. Body of rock not weakened. Wit, 
few exceptons, suchc as s'-tstones or 
sha.es, classif-ed as rock excavation.  

Hamner does not rlng wuen rock is struck.  
Body of rock is s anht-y weakened.  
Dependfnq or frarcurog, usuarn ly ns rock 
erc.atr.nercept n naturay weak rocks 
sucn as s -tstones or sna-es.  

Dul. sound ..en struck with hammer, 
usua..y can be broken witn moderate to 
neavy manua pressure or by _.i.gnt narw-er 
b-ow w..hout reference to p._anes of 
weakness nc1 as .nc p ent or 'a-r-ine 
fractures, or ve-n-ets. nock is 
sogn.f.cant-y weakened. Usually common excavaton.  

Can be granuated by nand. Always common 
excavat on. Ses-stant minera-s sunr as 
,uartz may be present as "str-ngers" or , dikes ".

A.phna-numenr-t Descriptor 
descrrptor 

FD0 Unfractured 

FD' Very slight-y fractured 

FD2 D..ght.y to very 
s..gntry fractured 

FO3 Si.gnt-y fractured

Moderate-y to s-ignt-y 
fractured 

Moderate.y fractured 

Moderate..y to nterse y 

fractured 

:ntense-y fractured

FRACTURE DEISITY 

Criterra 
(Exc..udes mechan-cal breaks) 

No observed fractures.  

Core recovered most.y on .engths greater than 3 feet (I m).  

Core recovered most.y on .engths from ' to 3 feet (300 to D,000 mm) w0th few 
scattered -engths less tnan - foot 1300 mm) or greated tcan 3 feet C, 000 mn).  

Core recovered mostly rn .engths from 0.3" to '.0 foot (-00 to 100 mm) witn most 
-engtns about 0.67 foot (200 mm).  

Lengtns average from 0.. to 0.23 foot (30 to OOf m won Dragemenred nterva.s.  
C ore recovered most.y .n -enqths .ess tnan 0.3- lost (I00 rm).

Very intense-y to 
.ntensely fractured 

Very intenese-y fractured Core recovered mostly as cnaps and fragments wton a few scattered snort core lengtns.
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H2

H4

H6 

H7

I
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I

FD4 
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#18 SHEET 1 OF 6 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 764,522.34 E 570,626.93 GROUND ELEVATION: 3640.34 

BEGUN: 9/5/2000 FINISHED: 9/21/2000 TOTAL DEPTH: 493.6 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 65.0 ft. HOLE LOGGED BY: USBRISMF 

Lu Z CLASSIFICATION 
NOTES SHEAR WAVE VELOCIT" 0 z AN CPHSICAL ION 0 W z • AND PHYSICAL CONDITION 

w aJ 

Purpose of Hole: 0.0 to 60.0 ft. QUATERNARY ALLUVIUM (Gal) 
Preliminary, conceptual-tevel Tuffaceous alluvium consisting of a mixture of pale red and light 
geotechnical foundation gray densely welded ignimbrite with minor fragments of white 
investigations for the design of 5 non-welded tuff. Up to 15 percent of the densely welded material 
the Waste Handling Building has white to light gray caliche coatings.  
(WHB). 1 60.0 to 65.0ft. BEDDED TUFF (Tmbtl) 

Drill Equipment: Bedded tuff, nonwelded, clystalized, very pale-orange with 10 to 
Schramm T685 Drill Rig 12 percent pumice clasts. Tuff contains less than 1 percent pale 

to moderate red volcanic lithic clasts. Quartz and feldspar 
Drler:1 phenocrysts range from 10 to 15 percent of the tuft by volume, 

G. Fox, V. Mora, M. Fyffe; and biotite and manganese less than 1 percent 
Dynateci Driling Inc.; Salt Lake 65.0 to 204.01L COMB PEAK IGNIMBRITE - TUFF X (Tpki): 
City, Utah. 20 Pyroclastic flow, nonwelded, crystaized, with up to 20 percent 

pumice dasts. Tuff contains 2 to 3 percent sanidine, plagioclase, 
Drilling Method: quartz, and less than 1 percent biotite and homblende 
Install 12" hammer. Hammer to phenocrysts. Up to 20 percent moderate red to medium dark 
6.01. Cement 10.75 O.D. casing 25 gray, volcanic lithic cdasts.  
with 1.29 stickup. Re-enter hole 
on 9/15/2000 with 8.50 Tncone 204.0 to 292.0 ft TIVA CANYON TUFF CRYSTAL RICH 
bit. Drill from 6.01 to total depth 30 Qal NON-LITHOPHYSAL ZONE (Tpcrn) 
of 493.56. Pyroclastic flow, moderately to densely welded, crystatized. with 

8 to 10 percent sanidine and plagioclase phenocrysts, and less 
Drilling Conditions: than 1 percent biotite phenocrysts. From 207.0 to 211.0 ft.  
Lost circulation from 240.00 to 3 moderately welded tuff has up to 8 percenL light gray pumice 
250.00. -dasts. From 211.0 to 217 ft. densely welded tuff has up to 10 

percent dark gray pumice. From 217.0 to 223.0 ft. grayish-brown 
Drilling Fluid: 40 pumice content decreases to 3 to 5 percent. Tuff is pumice poor 
0.00 to 5.00: Non-potable water. (less than 1 percent) from 223.0 to 248.0. From 248.0 to 267.0 ft.  
5.00 to 493.56: Quick Gel mud the tuff has 10 to 15 percent very light gray to medium light gray 
with EZ-Mud and LCM to pumice cdasts.  
re-establish circulation. 4 

292.0 to 425.0 ft. TWVA CANYON TUFF CRYSTAL POOR 
Loss Intervals: -UPPER UTHOPHYSAL ZONE (Tpepul) 240.00Lo 250.00 50 Pyroclastic flow, densely welded, crystalized, vapor phase 240 taltered, light gray, with 2 to 3 percent sanidine and plagioclase, 

and less than 1 percent biotite phenocrysts. Tuff has up to 5 
percent, very light gray, pumice clasts. Lithophysae are Casing Record: 55 distinguished by vapor phase altered chips, indicating the edges 

0.00 to 6.01 :10.75 O.D. casing. of voids in the tuft.  
6.01 to 493.56: No casing 

60- 425.0 to 470.0 ft. TIVA CANYON TUFF CRYSTAL POOR 
60 MIDDLE NON-LITHOPHYSAL ZONE (Tpcpmn) 

Hole Completion: Pyroclastic flow. densely welded. crystalized, pale red, with less 
Set and cement 492.41 of 4.50 Tmbtl than 1 percent sanidine, plagioclase, and biotite phencrysts. Tuff 
schedule 80 PVC casing. 65 has up to 1 percent pumice dlasts and less than 1 percent 

volcanic lithic clasts. Vapor phase altered chips indicate some 
lithophysae from 360.0 to 367.0 ft 

70 470.0 to 493.6 ft TIVA CANYON TUFF CRYSTAL POOR 
LOWER LITHOPHYSAL ZONE (Tpcpll) 
Pyroclastic flow, densely welded, crystalized, pale reddish-brown 

75 with minor vapor phase alteration. Less than 5 percent, very light 
7.5. gray, pumice clasts and less than 1 percent medium gray 

volcanic lithic clasts. Tuff contains less than 1 percent sanidine, 
0 . plagioclase, biotite, and manganese phenocrysts.  

80.  

85

90.  

95

0 COMMENTS: 1. Hole Iogged from cuttings 

S2. Shear Wave Velocity data from GaoVision suspension logging. Data acquired from 
downhole suarvey conducted after PVC casing installed.  

0.  

3A
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FEATURE: Waste Handling Building 

LOCATION: ESF North Portal Pad 

BEGUN: 9/5/2000 FINISHED: 9/21/2000 

DEPTH TO WATER: Not Encountered

GEOLOGIC LOG OF DRILL HOLE NO. UE-' 
PROJECT: Yucca Mountain Project 

COORDINATES: N 764,522.34 E 570.626.93 

TOTAL DEPTH: 493.6 ft.  

DEPTH TO BEDROCK 65.0 ft.

SHEET 2 OF 6

STATE: Nevada 

GROUND ELEVATION: 3640.34 

ANGLE FROM HORIZONTAL: -9) 

HOLE LOGGED BY: USBR/SMF 

REVIE• BY: VtA kMdeown

SWAVE VELOCIT 
ft's

ANL-MGR-GE-000003 REV 00
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#18
FEATURE: Waste Handling Building 

LOCATION: ESF North Portal Pad 

BEGUN: 9/5/2000 FINISHED: 9/21/2000 

DEPTH TO WATER: Not Encountered

PROJECT: Yucca Mountain Project 

COORDINATES: N 764,522.34 E 570,626.93 

TOTAL DEPTH: 493.6 ft.  

DEPTH TO BEDROCK: 65.0 It

STATE: Nevada 

GROUND ELEVATION: 3640.34 

ANGLE FROM HORIZONTAL: -9D 

HOLE LOGGED BY: USBR/SMF 

REVIEVWED BY: M?, McKeown

ANL-MGR-GE-000003 REV 00

SHEET 4 OF 6

Tpcpul



GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#18 SHEET 5 OF 6 

FEATURE: Waste Handling Buiding PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 764,522.34 E 570,626.93 GROUND ELEVATION: 3640.34 

BEGUN: 9/5/2000 FINISHED: 9/21/2000 TOTAL DEPTH: 493.6 ft. ANGLE FROM HORIZONTAL: -90 
DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK 65.0 ft. HOLE LOGGED BY: USBR/SMF 

REVlEAEZ) 5" ' ?.c.(ac 

w o CLASSIFICATION 
NOTES SHEAR WAVE VELOC1 a 0 AND PYSSICAL IOND f"ft w: w -• o AND PHYSICAL CONDITION 

• w* 
______________~ ~~~~~ D__ __ _ $ wC _ _ _ _ _ __ _ _ _ _ _ _ _ _

460

470

475-

480.  

48552 

490--

BOTTOM OF HOLE

Tpcpmn

Tpcpll

0�, 

b�.  

0�* 

b.  

0% 

b.

-� ___________________________________________ .1.  
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#18 SHEET 6 OF 6 

FEATURE: Waste Handing Building PROJECT: Yucca Mountain Protect STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 764.522.34 E 570.626.93 GROUND ELEVATION: 3640.34 

BEGUN: 9/5/2000 FINISHED: 9/21/2000 TOTAL DEPTH: 493.6 ft. ANGLE FROM HORIZONTAL: -9(f 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 65.0 ft. HOLE LOGGED BY: USBR/SMF 

SOIL 

Ouarternary 
Alluvium (Oe1) 

Pre-Ranier Tuf "x* Tpcpim Tpcpul Tpcpmn TPcplI 
Mes (Tpki) 

Bedded 
Tuff 

(Tmb•l) 

WELDING 
Non-Welded Densely Welded Moderately Welded 

co U 

is
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#19 SHEET 1 OF 7 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,880.41 E 571,383.73 GROUND ELEVATION: 3661.81 

BEGUN: 10/12/2000 FINISHED: 10/23/2000 TOTAL DEPTH: 645.2 ft. ANGLE FROM HORIZONTAL: -go 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCKI 127.0 ft. HOLE LOGGED BY: USBR/SMF 

REV:EVWED By. Mark Mc.deowr 

- CASIIATO 

NOTES SHEAR WAVE VELOCI CLASSIFICATION 
NOE AND PHYSICAL CONDITION 

Purpose of Hole: 0.0 to 120.0 ft. QUATERNARY ALLUVIUM (Cal) 
Preliminary, conceptual-level Tuffaceous alluvium consisting of a mixture of pale red and light 
geotechnical foundation gray densely welded ignimbrite with minor fragments of white 
investigations for the design of 5 non-welded tuff. Up to 15 percent of the densely welded material 
the Waste Handling Building have white to light gray caliche coatings.  
(WHB). 120.0 to 280.0 ft. BEDDED TUFF (Tmbtl) 

Drill Equipment: Pre-Rainier Mesa Bedded Tuff composed of bedded and 
SilraEm T685 Drill Rig reworked tuff. Bedded tuff is nonwelded, argillic, with up to 10 

percent quartz, plagiocdase, and sanidine phenocrysts Bedded 
Drillers: 15 tuff contains up to 15 percent argillically altered pumice dlasts.  
G. Fox, V. Mora, M. Fyfe, -- Some beds have up to 4 percent volcanic lithic clasts. Tuff is Da DoxV.Morilin I.: Sa ae; predominately grayish-orange pink and drill cuttings retums are Dynatec Drilling Inc.; Salt Lake _ q.- sand to sill sized.  

City, Utah. 20 s ii 
280.0 to 410.0 ft COMB PEAK IGNIMBRITE - TUFF X (Tpli): 

Drilling Method: Pyroctastic flow, nonwelded, crystalized, with up to 20 percent 
Install 12" hammer. Hammer to nt5pumice dlasts. Tuff contains 2 to 3 percent sanidine. plagiodase, 
4.87. Cement 10.75 OO. casing 25 - quartz. and less than 1 percent biotite and homblende 
with 1.25 stckup. Re-enter hole - phenocrysts. Up to 8 percent moderate red to medium dark gray, 
on 10/13/2000 with 8.50 Tricone volcanic lithic clasts. Tuff is predominately grayish-orange pink 
bit. Drill from 4.87 to total depth 30 with possible minor silicification.  
of 645.15.  

410.0 to 420.0 ft. POST TIVA CANYON BEDDED TUFFS 
Drilling Conditions: (Tpbts): 
Lost circulation at 285.00, Bedded tuff, nonwelded, argillic with 1 to 2 percent quartz and 
300.00. 320.00, 572.73 and sanidine phenocrysts. Pumice cdasts compose up to 15 percent 
585.00. pumice cdasts and 5 percent volcanic lithic clasts. Tuff is 

40 predominately very pale orange and white.  
Drilling Fluid: 
0.00 to 4.87: Non-potable water. 420.0 to 510.0 ft. TIVA CANYON TUFF CRYSTAL RICH 
4.87to645.15: Quick Gel mud NON-LUTHOPHYSAL ZONE (Tpcrn) 
with EZ-Mud and LCM to 45 Pyroclastic flow. moderately to densely welded, crystalized, with 
re-establish circulation. 8 to 10 percent sanidine and plagiocdase phenocrysts. and less 

than 1 percent biotite phenocrysts. From 425 to 436 ft. the tuff 
Loss intervals: 50- Ol " has up to 10 percent dark gray pumice clasts. From 436 to 457 

285.00, 300.00. 320.00, 572.73 ft. the tuft is crystal poor with only 3 percent dlasts content. From 
and 585.00. 457 to 483 ft. the tuff has a mix of light brownish-gray and very 

light gray pumice cdasts, composing up 15 percent of rock.  
55 

510.0 to 635.0 ft, TIVA CANYON TUFF CRYSTAL POOR 
Casing Record: UPPER LITHOPHYSAL ZONE (Tpcpul) 
0.00 to 4.87 10.75 OaD. casing. Pyroclastic flow, densely welded. crystalized, vapor-phase 
4.87 to 845.15. No casing 60 altered, light gray. with 2 to 3 percent sanidine and plagioclase, 

and less than 1 percent biotite phenocrysts. Tuff has up to 15 
percent, very light gray, pumice dasts. Lithophysae are 

Hole Completion: 65 distinguished by vapor-phase altered chips, indicating the edges 
Set and cement 645.70 of 4.50 of voids in the tuff.  
schedule 80 PVC casing.  
Note: Hole was initially drilled to 635.0 to 645.2 ft TWA CANYON TUFF CRYSTAL POOR 
845.15. Driller advanced at least 70 MIDDLE NON-LITHOPHYSAL ZONE (Tpcpmn) 
.58 while conditioning hole on Pyroclastic flow, densely welded, crystalized, pale red, with less 
completion of drilling. than 1 percent sanidine, plagioclase, and biotite phenocrysts.  

75-Tuff has up to 1 percent pumice cdasts and less than 1 percent 
volcanic lithic clasts. Vapor-phase altered chips indicate some 
"lithophysae from 560.0 to 570.0 ft.  

so 

85.  

go

9 5 

0 COMMENTS: 1, Hole logged from cattings 

2. Shear Wave Velocity data from GeoVision suspension logging. Data acquired from 
downhole suivey conducted after PVC casing installed.  

0.  
q, 
do
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#19
FEATURE: Waste Handling Building 

LOCATION: ESF North Portal Pad 

BEGUN: 10112/2000 FINISHED: 10/23/2000 

DEPTH TO WATER: Not Encountered

PROJECT: Yucca Mountain Project 

COORDINATES: N 765,880.41 E 571,383.73 

TOTAL DEPTH: 645.2 ft.  

DEPTH TO BEDROCK: 127.0 t.

STATE: Nevada 

GROUND ELEVATION: 3661.81 

ANGLE FROM HORIZONTAL: -90 

HOLE LOGGED BY: USBRISMF 

REV~IEWVED BY:V l/a Mc~eown,

(n

0

w 
wJ

REV 00

SHEET 2 OF 7

g

z

Tmbtl

I I

z

1-54





LOG OF DRILL HOLE NO. UI
FEATURE: Waste Handling Building 

LOCATION: ESF North Portal Pad 

BEGUN: 10/112M00 FINISHED: 10/23/2000 

DEPTH TO WATER: Not Encountered

PROJECT: Yucca Mountain.Project 

COORDINATES: N 765,880.41 E 571.383.73 

TOTAL DEPTH: 645.2 ft.  

DEPTH TO BEDROCK: 127.0 It.

STATE: Nevada 

GROUND ELEVATION: 3661.81 

ANGLE FROM HORIZONTAL: -90 

HOLE LOGGED BY: USBR/SMF 

REViEWE.D BY. Va* MKeowr

Tpki

ANL-MGR-GE-000003 REV 00
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FEATURE: Waste Handling Building 

LOCATION: ESF North Portal Pad 

BEGUN: 10112/2000 FINISHED: 10/23/2000 

DEPTH TO WATER: Not Encountered

GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#19 
PROJECT: Yucca Mountain Proiect STK 

COORDINATES: N 765,880.41 E 571,383.73 GRO 

TOTAL DEPTH: 645.2 ft. ANG 

DEPTH TO BEDROCK: 127.0 ft. HOLI

REV

SHEET 6 OF 7

rE: Nevada 

'UND ELEVATION: 3661.81 

LE FROM HORIZONTAL: -9b 

E LOGGED BY: USBRISMF 

:EASV• 9" Maft McKeown

Tpcpul
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#19 SHEET 7 OF 7 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,880.41 E 571.383.73 GROUND ELEVATION: 3661.81 

BEGUN: 10/12/2000 FINISHED: 10123/2000 TOTAL DEPTH: 645.2 ft. ANGLE FROM HORIZONTAL: -9W 

DEPTH TO WATER. Not Encountered DEPTH TO BEDROCK: 127.0 ft. HOLE LOGGED BY:. USBR/SMF 

RE=vIEWD BY. Mami Udeoiww 

SOIL 
Quarternary Alluvium 

ROaG 

Pro-Ranier Tuff "x" Post Twa Tpcpm Tpcpul Tpcpmn 
Mesa (Tpki) Canyon 

Bedded Bedded 
Tuff Tuff 

(Tmbtl) (Tpbt5) 

WELDING 
Non-Welded Densely Welded Moderately Welded 

LZEE 

0o 

I-
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INTENTIONALLY LEFT BLANK
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#20 SHEET 1 OF 3 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,637.36 E 570,796.82 GROUND ELEVATION: 3671.26 

BEGUN: 9/5/2000 FINISHED: 9/8/2000 TOTAL DEPTH: 160.0 ft. ANGLE FROM HORIZONTAL: -9 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 98.0 ft. HOLE LOGGED BY: USBR/SMF 

REVtEWED 5"Y LJ~a.Md4ecwr 

Ei NEEI 1=K~R 
_ _ -i !u 31 i.  

NOTES SHEAR WAVE VELOCIT CLASSIFICATION 

NR E ul AND PHYSICAL CONDITION 

--0 0 I.) _

Purpose of Hole: 
Preliminary, conceptual-level 
geotechnical foundation 
investigations for the design of 
the Waste Handling Building 
(WHB).  

Drill Equipment: 
Schramm T685 Drill Rig 

Drillers: 
G. Fox, V. Mora, M. Fyffe; 
Dynatec Drilling Inc.; Salt Lake 
City, Utah.  

Drilling Method: 
Install 12' hammer. Hammer to 
5.00. Cement 10.75 O.D. casing 
with 1.30 stickup. Re-enter hole 
on 9/8/2000 with 8.50 Tricone bit.  
Drill from 5.00 to total depth of 
160.00.  

Drilling Conditions: 
Smooth easy drilling.  

Drilling Fluid: 
0.00 to 5.00: Non-potable water.  
5.00 to 160.00: Quick Gel mud 
with EZ-Mud.  

Loss Intervals: 
NA 

Casing Record: 
0.00 to 5.00: 10.75 O.D. casing.  
5.00 to 160.00: No casing 

Hole Completion: 
Set and cement 159.70 of 4.50 
schedule 80 PVC casing.

(2 COMMENTS: 1. Hole logged fromr couings 
Co 

2. Shear Wave Velocity data from GeoVision suspension logging. Data acquiord from 
downhole survey conducted after PVC casing installed.  

0~ 

CD 
X 
3:

Fill

Qal 

Tpbt5

0.0 to 25.0 ft. PAD FILL (Fill) 
Predominately fine to coarse, hard, subangular gravel with a tUce 
of nonplastic fines on gravel surfaces; derived from moderately to 
densely welded Tuff.  

28.0 to 98.0 ft. QUATERNARY ALLUVIUM (Qal) 
Tuffaceous alluvium consisting of a mixture of pale red and light 
gray densely welded ignimbrite with minor fragments of white 
non-welded tuff. Up to 15 percent of the densely welded material 
have white to light gray caliche coatings.  

98.0 to 102.0 ft. POST TIVA CANYON BEDDED TUFFS 
(Tpbt5): 
Bedded tuff, nonwelded, argillic with 1 to 2 percent quartz and 
sanadine phenocrysts. Pumice clasts compose up to 20 percent 
pumice dasts and 5 percent volcanic lithic clasts. Tuff is 
predominately very pale orange and white.  

102.0 to 127.0 ft. TIVA CANYON TUFF CRYSTAL RICH 
NON.LUTHOPHYSAL ZONE (Tpem) 
Pyroclastic flow, moderately to densely welded, crystalized, with 
8 to 10 percent sanidine and plagiodase phenocrysts, and less 
than 1 percent biotite phenocrysts. From 102 to 110 8. the tuff 
has up to 7 percent dark gray pumice clasts. From110to123ft.  
the tuff is crystal poor with only 1 percent Clasts content From 
123 to 127 ft. the tuff has a mix of light brownish-gray and very 
light gray pumice dasts. composing up 10 percent of rock.  

127.0 to 160.0 ft. TWVA CANYON TUFF CRYSTAL POOR 
UPPER LITHOPHYSAL ZONE (Tpcpul) 
Pyroclastic flow, densely welded, crystalized, vapor-phase 
altered, light gray, with 2 to 3 percent sankline and plagioclase, 
and less than 1 percent biotite phenocrysts. Tuff has up to 15 
percent, very light gray, pumice clasts. Litihophysae are 
distinguished by vapor-phase altered chips, indicating the edges 
of voids in the tuff.

I,-,
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#20 SHEET 2 OF 3 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,637.36 E 570,796.82 GROUND ELEVATION: 3671.26 

BEGUN: 9/5/2000 FINISHED: 9/8/2000 TOTAL DEPTH: 160.0 11. ANGLE FROM HORIZONTAL: -) 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 98.0 ft. HOLE LOGGED BY: USBRISMF 
REVIEWED BS: Mark McKeowr 

w 0 CLASSIFICATION 

NOTES AND PHYSICAL CONDITION 
z z 

~~~~~r a__ _ _ §_______________

105

110

115

125ý 

130

135

140~ 

145• 

150: 

155-

BOTTOM OF HOLE

TPbt5 

Tporn

TPcpul
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#20 SHEET 3 OF 3 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,637.36 E 570,796.82 GROUND ELEVATION: 3671.26 

BEGUN: 9/5/2000 FINISHED: 9/812000 TOTAL DEPTH: 160.0 ft. ANGLE FROM HORIZONTAL: -917 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 98.0 ft. HOLE LOGGED BY: USBR/SMF 

RE1IEA1E BY. Mar MclKo-r 

SOIL 
Fill Guaternary 

(made Alluvium 
ground) (Qal 

ROC 
Post Tiva Tpcpm Tpcpul 
Canyon Bedded 

Tuff 
(Tpbt5) 

M M 

WELDING 
Non-Welded Densely Welded Moderately Welded 

W EII
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INTENTIONALLY LEFT BLANK
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#21 SHEET 1 OF 3 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765.898.81 E 570,739.18 GROUND ELEVATION: 3673.02 

BEGUN: 9/6/2000 FINISHED: 917/2000 TOTAL DEPTH: 192.2 ft. ANGLE FROM HORIZONTAL: -0 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK 115.0 ft. HOLE LOGGED BY: USBR/SMF 

REV'E WED SY Mlalk t.xc-eoeo 

NOTES S•HEAR WAVE VELOCIT z CLASSIFICATION N SA V E AND PHYSICAL CONDITION 

Q 

Purpose of Hole: 0.0 to 5.0 ft. PAD FILL (FRI) 
Prelinmiary, conceptual-level Fill Predominately fine to coarse, hard, subangular gravel with a trace 
geotechnical foundation 5 of nonplastic fines on gravel surfaces; derived from moderately to 
investigations for the design of 5 densely welded Tuff.  
the Waste Handling Building 5.0 to 115.0 f. QUATERNARY ALLUVIUM' (WHB). -" - .0t1t.0t.QARNRALUUM(Oal) 

10-- Tuffaceous alluvium consisting of a mixture of pale red and light 10 Equpmet:gray densely welded ignirebnte with minor fragments of white Dchrall t: non-welded tuff. Up to 15 percent of the densely welded material Schramm T685 Drill Pig - has white to light gray caliche coatings.  

Drillers: 15 115.0 to 165.0 ft TIVA CANYON TUFF CRYSTAL RICH 
G. Fox, V. Mora, M. Fyffe; NON-UTHOPHYSAL ZONE (Tpcm) 
Dynatec Drilling Inc.; Salt Lake Pyroclastic flow, moderately to densely welded, crystalized, with 
City. Utah. 20 8 to 10 percent sanidine and plagiodase phenocrysts, and less 

than 1 percent biotite phenocrysts. From 102 to 110 ft. the tuff 
Drilling Method: has upto 7 percent dark gray pumice clasts. From 110to 123 ft.  
Install 12" hammer. Hammer to the tuff is crystal poor with only 1 percent clast contenL From 
5.01. Cement 10.75 OD. casing 25 123 to 127 ft. the tuff has a mix of light brownish-gray and very 
with 1.00 stickup. Re-enter hole light gray pumice ctasts, composing up 10 percent of rock.  
on 9/6/2000 with 8.50 Tricone bit.  
Drill from 5.01 to total depth of 30 '165.0 to 192.2 It. TIVA CANYON TUFF CRYSTAL POOR 
192.23. UPPER LITHOPHYSAL ZONE (Tpcpul) 

Pyrociastic flow, densely welded, crystalized, vapor-phase 
Drilling Conditions: altered, light gray, with 2 to 3 percent sanidine and plagiolase, 
Lost circulation at 125.00 and and less than 1 percent biotite phenocrysts. Tuff has up to 15 
190.00 percent, very light gray, pumice clasts. Lithophysae are 

distinguished by vapor-phase altered chips, indicating the edges 
Drilling Fluid: 40 of voids in the tuff.  
0.00 to 5.01: Non-potable water.  
5.01 to 125.00: Quick Gel mud 
with EZ-Mud. 125.00 to 192.23: 
Quick Gel with EZ-Mud and LCM 45 

to re-establish circulation.  

Loss Intervals: 50 
125.00 and 190.00 

Casing Record: 
0.00 to 5.01 :10.75 OD. casing.  
5.01 to 192.23: No casing 

Hole Completion: 
Set and cement 192.04 of 4.50 65 
schedule 80 PVC casing. 65 

70 

75 

80 

85 

90 

E! 95 

(D COMMENTS: 1. Hole logged from cuttings 
co S2. LCM (Lost Circulation Material) consists cellephane cuttings or cotton seed huls.  

3. Shear Wave Velocity data from GeoVision suspension logging Data acquired fromn 
downhole survey conducted after PVC casing installed.  

I=
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FEATURE: Waste Handling Building 

LOCATION: ESF North Portal Pad 

BEGUN: 9/6/2000 FINISHED: 967/2000 

DEPTH TO WATER: Not Encountered

GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#21 
PROJECT: Yucca Mountain Project STA" 

COORDINATES: N 765,898.81 E 570,739.18 GRC 

TOTAL DEPTH: 192.2 ft. ANG 

DEPTH TO BEDROCK: 115.0 ft. HOL

REV

SHEET 2 OF 3

TE: Nevada 

IUND ELEVATION: 3673.02 

LE FROM HORIZONTAL: -90 

E LOGGED BY: USBRJSMF 

EWED BY M ark Mc•eon

z0 0
z 
I-

September 2002

o

REV O00 1-66



GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#21 SHEET 3 OF 3 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,898.81 E 570,739.18 GROUND ELEVATION: 3673.02 

BEGUN: 9/612000 FINISHED: 917/2000 TOTAL DEPTH: 192.2 It. ANGLE FROM HORtZONTAL: -90( 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 115.0ft. HOLE LOGGED BY: USBR/SMF 

REVIEWErD BY. Maro MUeowr

SOIL 
Fill Ouatemary 

(made Alluvium 
ground) 

ROCK 
Tpcpn Tpcpil 

WELDING 

Moderatety Welded Densely Welded 

Lu 

le

ANL-MGR-GE-000003 REV 00 1-67 September 2002
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INTENTIONALLY LEFT BLANK
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#22 SHEET 1 OF 6 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,206.2 E 570,793.48 GROUND ELEVATION: 3679.17 

BEGUN: 7/25r2000 FINISHED: 8115/2000 TOTAL DEPTH: 540.6 ft. ANGLE FROM HORIZONTAL: -91 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 90.0 ft. HOLE LOGGED BY: USBR/SMF 

REVENNEASDSfN. M MdGec 

T1~ ~ I IUN rT- T

NOTES

Purpose of Hole: 
Develop geologic design data 
required to develop Waste 
Handling Building foundation 
parameters and seismic hazard 
analysis.  

DrIll Equipment: 
Schramm T685 Drill Rig, UDR 
1000 Drill Rig.  

Drillers: 
George Fox, D Harrison, R 
Mckay; Dynatec Drilling Inc.; Salt 
Lake City, Utah.  

Drilling Method: 
Install 12' hammer. Hammer to 
5.00. Cement 10.75 O.D. casing 
with 1.02 stickup. Drill to depth of 
511.47 with 8.50 Tricone bit.  
Install PQ rods to serve as 
temporary casing. Install HO core 
system. Core with HO to total 
depth of 540.56.  

Drilling Conditions: 

Drilling Fluid: 
0.00 to 5.00: Non-potable water.  
5.00 to 540.56: Non-potable 
water, Quick Gel Mud with 
EZ-Mud and LCM to re-establish 
circulation.  

Loss Intervals: "443.00 to 490.00: circulation was 
re-established in some intervals.  

Casing Record: 
0.00 to 5.00: 10.75 O.D_ casing.  
5.00 to 511.47: No casing 
511.47 to 540.56: PO casing 1,) 

Hole Completion: 
PVC casing set and cemented to 
total depth of 511.38.

'HEAR WAVE VELOCIT' ftft z z ci 

UP 0 
Sc

L) 

W 
W 

01 

0J

COMMENTS: 1. Hole logged from cuttings to 511.47 and core from 511.47 to 54056.  

2. Shear Wave Velocity data from GeoVision suspension logging. Data acquired from 
downhole survey conducted after PVC casing installed.  

3 No usable velokity data acquired above 229 feet.

I= 

12
1.) 
I 
0.

CLASSIFICATION 
AND PHYSICAL CONDITION

0.0 to 80.0 ft. QUATERNARY ALLUVIUM (Cal) 
Tuffaceous alluvium consisting of a mixture of pale red and light 
gray densely welded ignimbrite with minor fragments of white 
non-welded tuff. Up to 15 percent of the densely welded material 
have white to light gray caliche coatings.  

80.0 to 318.0 ft. BEDDED TUFF (Tmbtl) 
Pre-Rainier Mesa Bedded Tuff composed of bedded and 
reworked tuff. Bedded tuff is nonwelded, argillic, with up to 10 
percent quartz. plagiocdase, and sanidine phenocrysts. Bedded 
tuff contains up to 15 percent argillically altered pumice dasts.  
Some beds have up to 4 percent volcanic lithic cleats. Tuff is 
predominately grayish-orange pink and drill cuttings returns are 
sand to silt sized.  

318.0 to 415.0 ft COMB PEAK IGNIMBRITE - TUFF X (Tpid): 
Pyroclastic flow, nonwelded, crystallized, with up to 15 percent 
pumice dasts. Tuff contains 2 to 3 percent sanidine. plagiodase, 
quartz, and less than 1 percent biotite and hornblende 
phenocrysts. Up to 3 percent moderate red to medium dark gray, 
volcanic lithic clasts. Tuff is predominately grayish-orange pink 
with possible minor silicification.  

415.0 to 438.0 IfL POST TIVA CANYON BEDDED TUFFS 
(TpbtS): 
Bedded tuff, nonwelded. argillic with 1 to 2 percent quartz and 
sanidine phenocrysts. Pumice clasts compose up to 15 percent 
pumice clasts and 5 percent volcanic lithic dasts. Tuff is 
predominately very pale orange and white.  

438.0 to 530.5 ft. TIVA CANYON TUFF CRYSTAL RICH 
NON-LITHOPHYSAL ZONE (Tpcm) 
From 438-0 to 511.5 ft. borehole was mud-rotary drilled, the 
following is a description of drill chips. Pyroclastic flow, 
moderately to densely welded, crystallized, with 8 to 10 percent 
sanidine and plagioclase phenocrysts, and less than 1 percent 
biotite phenocrysts. From 455 to 485 ft. the tuff has a mix of light 
brownish-gray and very light gray pumice clasts, composing up 
10 percent of rock. No recovery from 485 to 505.4 It. Borehole 
cored from 511.5 to 540.56 ft., the following is a description of 
drill core. Pyroeastic flow, densely welded, crystallized with 
vapor phase alteration. Tuff has 10 to 15 percent, brownish-gray 
pumice clasts up to 20 by 5 mnn in size. Up to 10 percent 
sanidine and plagiodase phenocrysts with less than 1 percent 
biotite phenocrysts. Generally the rock is soft to mostly 
moderately hard (H4). moderately to slightly weathered (W4), 
slightly (FD4) to moderately fractured (FD5).  

Discontinuity Measurements: 

Deoth Ana le Rouohness Infillino
511,7 
512.0 
512.1 
512.15 
512.4 - 513.0 
513.1 
514.1 
514.15 
516.35 
518.3 
518.4 
519.9 
521.5 
522.4 - 522.6 
522.8 
525.0 
525.5 
526.4 - 527.1 
528.0

90 
90 
90 
90 

Fracture Zone 
20 
90 
50 
90 

90 
90 
60 
60 
90 
73 
90 
47 
90 
40

R3 
R3 
R3 
R2 

Vapor Phase 
R2 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R2 
R4 
R3 
R4 
R3 Fracture Zone 
R3
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#22 SHEET 2 OF 6 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,206.2 E 570,793.48 GROUND ELEVATION: 3679.17 

BEGUN: 7/25/2000 FINISHED: 8/15/2000 TOTAL DEPTH: 540.6 ft. ANGLE FROM HORIZONTAL: -9D 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 90.0 ft. HOLE LOGGED BY: USBR/SMF 

E INif1 NO 

NOTES SHEAR WAVE VELOCIT' z CLASSIFICATION 
Rt n zAND PHYSICAL CONDITION 

0 r S2 ~ - -

Tmbtl

530.0 90 R3

530.0 to 540.6 ft. TIVA CANYON TUFF CRYSTAL POOR 
UPPER LITHOPHYSAL ZONE (Tpcpul) 
Pyroclastic flow, densely welded, crystallized, medium gray with 
less than 5 percent pumice clasts up to 35 by 5 mm. No 
lithophysae are present in this core run, however contact is 
distinguished by the decrease in phenocrysts to, 2 to 3 percent 
sanidine and plagiodase with less than 1 percent biotite. Tufg 
has less than 1 percent dart-yeflowish brown and light gray 
volcanic lithic fragments. Generally the rock is moderately hard 
(H4), moderately (W4) weathered, and moderately fractured 
(FD5).  

Discontinuity Measurements: 

Deoth Anole* Rouohness Inflirl

530.9 
531.7 
532.6 
533.1 
534.4 
535.0 
535.4 
535.6 
536.2 
537.0 
537.5 
537.7 
538.5 
538.9 - 540.6

30 
55 
15 
70 
75 
50 
90 
85 
60 
60 
52 
48 
60 

Breccia Zone

R4 
R4 
R3 
R4 Vapor Phase 
R4 Vapor Phase 
R4 
R4 Vapor Phase 
R4 Vapor Phase & calcite 
R3 
R2 Rubble 
R4 
R3 Vapor Phase 
R3 Vapor Phase

* Angles are measured from core axis and are plus or minus 5 
degrees.
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#22 SHEET 3 OF 6 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Proect STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,206.2 E 570,793.48 GROUND ELEVATION: 3679.17 

BEGUN: 7/25/2000 FINISHED: 8/15/2000 TOTAL DEPTH: 540.6 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 90.0 ft. HOLE LOGGED BY: USBR/SMF 

REVýEWE, Bt 1.'1a4 MIowr 

ro w 

Uj z CLASSIFICATION 
NOTES SHEAR WAVE VELOCIT 0 0 ANDPHSICAL ION f AND PHYSICAL CONDITION 

SwaL 

w _ D_ _

225-

230-• 

235-

240

245ý

250

255

260

265

270

275

280

290

295.  

300: 

305

310-ý 

315

320

325, 

330ý 

335;

Tmbtl

Tpki
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#22 SHEET 4 OF 6 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,206.2 E 570,793.48 GROUND ELEVATION: 3679.17 

BEGUN: 7/25/2000 FINISHED: 8/15/2000 TOTAL DEPTH: 540.6 ft. ANGLE FROM HORIZONTAL. -91 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 90.0 ft. HOLE LOGGED BY: USBR/SMF 

REVIEANED ". Ma|cl(eown 

Iw 
w i 

NOTES SHEAR WAVE VELOCIT, w CLASSIFICATION NOT•E0 _ AND PHYSICAL CONDITION 
Lu Lu 

0 0 ct 6 
_____________ _______ ~ e~e _______________________

Tpki

Tpbt5

Tpcm

ANL-MGR-GE-000003 REV 00 -72 September 2002
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#22 SHEET 5 OF 6 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,206.2 E 570,793.48 GROUND ELEVATION: 3679.17 

BEGUN: 7/25/2000 FINISHED: 8/15/2000 TOTAL DEPTH: 540.6 ft. ANGLE FROM HORIZONTAL: -0) 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 90.0 ft. HOLE LOGGED BY: USBR/SMF 
REVIEWE.D By Mart M•eowr 

z) c CLASSIFICATION 
NOTES [HEAR WAVE VELOCIT' 0 AN D LHSSICA IOND wo w: Q - AND PHYSICAL CONDITION 

z Ir•

4602-.  

465:-E 

47D7

4753 

480ý-: 

"4852 

490

4952 

500

505•

510:

515-E 

520

525-E 

530

535-E 
53(•

H4

FD5 

FD4

BOTTOM OF HOLE

97 54

94

99

77

71 1

98 59

Tpcpul

Begin core drilling at 511.5
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#22 SHEET 6 OF 6 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,206.2 E 570.793.48 GROUND ELEVATION: 3679.17 

BEGUN: 7125/2000 FINISHED: 8115/2000 TOTAL DEPTH: 540.6 ft. ANGLE FROM HORIZONTAL: -9G? 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 90.0 ft. HOLE LOGGED BY: USBR/SMF 

REVIADE BY Ia McKeor 

SOIL 
Quatermary 

Alluvium 

(Oal)

Pre-Rainier 
Mesa 

Bedded 
Tuff 

(Tmbtl) 

i

HMARNS

A.pna-numer-c Descriptor 
descriptor

Tuff "x" 

(Tpki) 

j

cri.teria

Cctreme..y Core, fragment, or exposure cannot 
be scratched wat., knife or Sharp pick; 
can so ybe csapped with repeated neavy 
ha-ner b.ows.  

Very Hard Cannot be scratched with knife or ssarp 
pick. Core or fragment breaks wat, 
repeated seavy narner b.ows.

Hard Can be scratched with knife or sharp 
ickcwt.h d.ff.cu.ty (heavy pressure).  
eavy hamer b-ow required to break 

specimen.

Moderately Hard Can be scratched with knife or sharp 
pick awt. -gugt pressure. Core or 

ragment breaks wtn moderate hanmer 

Moderate-y Soft Can be grooved ./-6 inch (2mn) deep by 
snarp pick wuto moderate or neavy pressure.  
Core or fragment breaks wuth .ignt hamner 
b-ow or neavy manua- pressure.  

Soft Can be grooved or gouged eas..y by knife 
or snarp p.ck nthm .. got pressure, can be 
scratched unto flngernal. Breaks wuto 
Lignt to moderate manua- pressure.  

Very Soft Can be readly yindented, grooved or gouged 
wu.t, fonqerna..., or carved with a knife.  
Breaks wutn .i.ot manuas pressure.

ROCK 
Post True 
Canyon 
Bedded 

Tuff 
(TpbtS) 

iN 
WELDIN._G

Non-Welded 

F
A.pha-numer-c 
descriptor 
W-

w2 

W3 

W4 

H.  

W6 

W7 

wi 

W9

Tpngvn 

U

Tpc

Densely Welded

WEATHERING 

Descriptor 

Fresh 

Sli htly weathered 
to fresh 

Sfightly weathered 

Moderate-y to 
s.ight-y weatnered 

Moderate-y weatnered 

intensely to 

moderate-y weathered 

:ntense-y weathered

Very -ntensely
weathered 

Decomposed

Genera- characteristics 
(strength, excavation, etc.) 

Banner rhngs usen crystalline rocks are 
struck. Almost always rock excavation 
except for naturally weak or weakly 
cemented rocks such as Siltstones or shia-es.  

Hamrer rcngs when crystall-ne rocks are 

struck. Body of rock not weakened. With 
few excepttons, such as siltstones or 
shales, c.ass-fzed as rock excavation.  

Hamaer doe s not ring wsen rock -s struck.  
Body of rock is sl-ght.y weakesed.  
Depending on fracturing, usually -s rock 
excavation except -n natura....y weak rocks 
suoo as s.i.tstones or sha.es.  

Dull sound when struck with Bamner, 
usually can be broken wsth moderate to 
heavy maanua pressure or by llght hamrer 
b-ow u.thout reference to p.anes of 
weakness suoo as i.nc.pent or na-r-.ne 
fractures, or vein.ets. Rock is 
s.gncf.cant-y weakened. Usually comnon excavation.  

Can be qranulated by sand. Always common 
excavat-on. Resistant minera._s such as 
quartz may be present as "stringers" or

Descriptor 

.. nfractured 

Very stigntly fractured 

S lgnhty to very 
so.gnt .y fractured 

SD.ght'y fractured 

Moderate.y to s.ig.htly 
fractured 

Moderate.y fractured 

Moderate.y to cntense.y 
fractured 

intense.y fractured 

Very intense-y tO 
intesely fractured

FATR DENISITY 

Criteria 
()Cxc.udes mechan..cal breaks) 

No observed fractures.  

Core recovered most.y cn .engths greater tsan 3 feet (I m).  

Core recovered most'y in -engths from I to ý feet (300 to f,000 mm) wuth few 
scattered -enghos -ens t"an - foot B000 nn) or greated than B feet (),0OO mm).  

Core recovered most.y in .engtss from 0.23 to -. 0 foot ()B00 to 300 Mn) .nto most 
,engths about 0.67 foot (200 mm).  

Lenrths average from 0.1 to 0.3B foot ('0 to B00 mm) wit. fragemented interva.s.  
Core recovered most.y in engtos -ess toan 0.33 foot (_00 mn).

Very intenesely fractured Core recovered most.y as chips and fragments wath a few scattered short core lengths.

ANL-MGR-GE-000003 REV 00 1-74 September 2002
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H4 

H5 

H6 

H7
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A-pha-numeric 
descriptor 

FD0 

FD.  

FD2 

FDB 

FD4 

FD5 

FD6 

FD7 

FD6 

FD9
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#23 SHEET 1 OF 3 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,311.43 E 570,465.03 GROUND ELEVATION: 3673.98 

BEGUN: 9/25/2000 FINISHED: 9/27/2000 TOTAL DEPTH: 159.1 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK 76.0 ft. HOLE LOGGED BY: USBRISMF 

REVIEWED BY Marl Mcdeo".

NOTES

Purpose of Hole: 
Preliminary, conceptual-level 
geotechoical foundation 
investigations for the design of 
the Waste Handling Building 
(WHB).  

Drill Equipment: 
Schramm T685 Drill Rig 

Drillers: 
G. Fox, V. Mora, M. Fyffe; 
Dynatec Drilling Inc.; Salt Lake 
City, Utah.  

Drilling Method: 
Install 12' hammer. Hammer to 
5.00. Cement 10.75 O.D. casing 
with 1.03 stickup. Re-enter hole 
on 9/26/2000 with 8.50 Tricone 
bit. Drill from 5.00 to total depth 
of 159.10.  

Drilling Conditions: 
1 new bit Circulation weak from 

119.71 to 139.40 

Drilling Fluid: 
0.00 to 5.00; Non-potable water.  
5.00 to 119.71: Quick Gel mud 
with EZ-Mud. 119.71.00 to 
159.10: Quick Gel with EZ-Mud 
and LCM to improve circulation.  

Loss Intervals: 
119.71.00 to 139.40: Circulation 
weak 

Casing Record: 
0.00 to 5.00:10.75 O.D. casing.  
5.00 tol 59.10: No casing 

Hole Completion: 
Set and cement 158.96 of 4.50 
schedule 80 PVC casing.

I 
5
0

SHEAR WAVE VELOCIT 
fus

i-i - - - -

15 

20 

25 

30

35 

40-

45 

50 

55

60

65

70

75 

80

85

95-

Z 

2

W 
L) 

0

COMMENTS: 1. Hole logged from cuttings 

2. Shear Waee Velocity data from GeoVision suspension logging. Data acquired from 
dowehole survey conducted after PVC casing installed.

I= 
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CLASSIFICATION 
AND PHYSICAL CONDITION

0.0 to 12.0 ft. PAD FILL (Fill) 
Predominately fine to coarse, hard. subangular gravel with a trace 
of nonpiastic fines on gravel surfaces; derived from moderately to 
densely welded Tuff.  

12.0 to 76.0 ft. QUATERNARY ALLUVIUM (Qal) 
Tuffaceous alluvium consisting of a mixture of pale red and light 
gray densely welded ignimbrite with minor fragments of white 
non-welded tuff. Up to 15 percent of the densely welded material 
has white to light gray caliche coatings.  

76.0 to 92.0 ft. COMB PEAK IGNIMBRITE - TUFF X (Tpki): 
Pyrocdastic flow, nonwelded, crystalized, with up to 15 percent 
pumice dasts. Tuft contains 2 to 3 percent sankiine, plagiodase, 
quartz, and less than 1 percent biolite and hornblende 
phenocaysts. Up to 20 percent moderate red to medium dark 
gray, volcanic lithic clasts. Tuff is predominately grayish-orange 
pink with possible minor silicification.  

92.0 to 95.0 fL POST TIVA CANYON BEDDED TUFFS (Tpbt5): 
Bedded tuff, nonwelded, argillic with 1 to 2 percent quartz and 
sanidine phenocrysts. Up to 15 percent pumice cdasts and 5 
percent volcanic lithic dasts. Tuff is predominately very pale 
orange and white.  

95.0 to 159.1 ft. TIVA CANYON TUFF CRYSTAL RICH 
NON-LITHOPHYSAL ZONE (Tpcm) 
Pyroclastic flow, moderately to densely welded, crystalized, with 
8 to 10 percent sanidine and plagiodase phenocrysts, and less 
than 1 percent biotite phenocrysts. From 108.0 to 115.0 ft. the tuff 
has up to 10 percent dark gray pumice clasts. From 115.0 to 
135.0 ft. the tuff is crystal poor with only 3 percent Clasts content.  
From 135.0 to 159.1 ft. the tuff has a mix of light brownish-gray 
and very light gray pumice dasts, composing up 15 percent of 
rock.
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#23
FEATURE: Waste Handing Building 

LOCATION: ESF North Portal Pad 

BEGUN: 9/25/2000 FINISHED: 9/27/2000 

DEPTH TO WATER, Not Encountered

PROJECT: Yucca Mountain Project 

COORDINATES: N 765.311.43 E 570,465.03 

TOTAL DEPTH: 159.1 ft.  

DEPTH TO BEDROCK- 76.0 ft.

STATE: Nevada 

GROUND ELEVATION: 3673.98 

ANGLE FROM HORIZONTAL: -90 

HOLE LOGGED BY: USBRISMF 

REV!EWED BY: Mark McKeown

BOTTOM OF HOLE

*D.

>.  

_.01

IFICATION 
'AL CONDITION

ANL-MGR-GE-000003 REV 00 1-76 September 2002
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#23 SHEET 3 OF 3 

FEATURE: Waste Handing Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,311.43 E 570,465-03 GROUND ELEVATION: 3673.98 

BEGUN: 9/25/2000 FINISHED: 9/27/2000 TOTAL DEPTH: 159.1 ft. ANGLE FROM HORIZONTAL: -9WY 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 76.0 ft. HOLE LOGGED BY: USBR/SMF 
RE VIE A'E BY Mare UdMeowr.  

SOIL 
Fill Ouaternary 

(made Aluvieum 
ground) (Oat) 

ROCK 
TuON" Post Tiva Tpcpm 
(Tpld) Canyon 

Bedded 
Tuff 

(Tpbt5) 

WELDING 

Non-Welded Densely Welded 

D 

it.
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INTENTIONALLY LEFT BLANK
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#24 SHEET 1 OF 4 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,344.31 E 570,542.26 GROUND ELEVATION: 3684.48 

BEGUN: 8/15/2000 FINISHED: 8/23r2000 TOTAL DEPTH: 268.0 ft. ANGLE FROM HORIZONTAL: -9b 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK 45.0 ft. HOLE LOGGED BY: USBR/SMF 

REVIEWyED By Ma.u MdKeow• 

T-NRWN KUNHIT-1

NOTES

Purpose of Hole: 
Preliminary, conceptual-level 
geotechnical foundation 
investigations for the design of 
the Waste Handling Building 
(WHB).

Drill Equipment: 
Schramm T685 Drill Rig 

Drillers: 
G. Fox, V. Mora, M. Fyffe; 
Dynatec Drilling Inc.: Salt Lake 
City, Utah.  

Drilling Method: 
Install 12" hammer. Hammer to 
5.06. Cement 10.75 O.D. casing 
with 1.07 stickup. Re-enter hole 
on 8/17/2000 with 8.50 Tricone 
bit. Drill from 5.06 to total depth 
of 267.96.  

Drilling Conditions: 
Lost circulation to weak 
circulation from 100.00 to 267.96.  
233.00 to 236.00 very soft drilling.  
Smooth to rough drilling in some 
intervals.  

Drilling Fluid: 
0.00 to 5.06: Non-potable water.  
5.06 to 100.00: Quick Gel mud 
with EZ-Mud. 100.00 to 267.96: 
Quick Gel with EZ-Mud and LCM 
to re-establish circulation.  

Loss Intervals: 
100.00 to 267.96: Lost circulation 
to weak circulation.  

Casing Record: 
0.00 to 5.06: 10.75 O.D. casing.  
5.06 to 267.96: No casing 

Hole Completion: 
Set and cement 266.05 of 4.50 
schedule 80 PVC casing.

I
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5HEAR WAVE VELOCIT 
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- - - - - - 4-
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0 ,
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CLASSIFICATION 
AND PHYSICAL CONDITION

0.0 to 10.0 ft. PAD FILL (Fill) 
Predominately fine to coarse, hard, subangular gravel with a trace 
of nonplastic fines on gravel surfaces; derived from moderately to 
densely welded Tuff.  

10.0 to 30.0 ft. QUATERNARY ALLUVIUM (Gal) 
Tuffaceous alluvium consisting of a mixture of pale red and light 
gray densely welded ignimbrite with minor fragments of white 
non-welded tuff. Up to 15 percent of the densely welded materiel 
has white to light gray caliche coatings.  

30.0 to 110.0 ft. TIVA CANYON TUFF CRYSTAL RICH 
NON-LTHOPHYSAL ZONE (Tpcrn) 
Pyroclastic flow, moderately to densely welded, crystalized, with 
8 to 10 percent sanidine and plagioclase phenocrysts, and less 
than 1 percent bioitite phenocrysts. From 44.0 to 57.0 ft. the tuff 
is pumice poor with less than 1 percent clast content. From 57.0 
to 93.0 ft. the tuff has a mix of light brownish-gray and very light 
gray pumice ctasts, composing up 15 percent of rock. Based on 
the occurrence of vapor phase mineralization fragments in the 
chips, there is a lithophysal bearing zone from 93.0 to 104.0 ft.  
Phenocryst content begins to decrease at 104.0 ft.  

110.0 to 230.0 ft. TIVA CANYON TUFF CRYSTAL POOR 
UPPER ULITHOPHYSAL ZONE (Tpcpul) 
Pyroclastic flow, densely welded, crystalized, vapor phase 
altered, light gray, with less than 1 percent sanidine, plagioclase, 
and biotite phenocrysts. Tuff has less than 1 percent. very light 
gray, pumice clasts and volcanic lithic fragments. Lithophysie 
are distinguished by vapor phase altered chips, indicating the 
edges of voids in the tuff.  

230.0 to 267.9 ft. TIVA CANYON TUFF CRYSTAL POOR 
MIDDLE NON-LITHOPHYSAL ZONE (Tpcpmn) 
Pyroclastic flow, densely welded. crystalized. pale red, with less 
than 1 percent sanidine, plagioclase, and biotite phencrysts. Tuff 
has up to 1 percent pumice cdasts and less than 1 percent 
volcanic lithic cdasts. Vapor phase altered chips indicate some 
lithophysais from 360.0 to 367.0 ft

COMMENTS: 1. Hole logged from cuttings 

2. Shear Wave Velocity data from GeoVision suspension logging. Data aoquired from 
downhole survey conducted after PVC casing installed.

ANL-MGR-GE-000003 REV 00 1 79 September 2002
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#24 SHEET 2 OF 4 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,344.31 E 570,542.26 GROUND ELEVATION: 3684.48 

BEGUN: 8/15/2000 FINISHED: 8/23/2000 TOTAL DEPTH: 268.0 ft. ANGLE FROM HORIZONTAL: -9 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCKI 45.0 ft. HOLE LOGGED BY: USBR/SMF 
REV:EWED B-. Mark McKeown 

NOTES SHEAR WAVE VELOCI CLASSIFICATION 
_AND PHYSICAL CONDITION 

~~~~~~i S2____~*_________________
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#24 SHEET 3 OF 4 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,344.31 E 570,542.26 GROUND ELEVATION: 3684.48 

BEGUN: 8/15=2000 FINISHED: 8/23/2000 TOTAL DEPTH: 268.0 ft. ANGLE FROM HORIZONTAL: -9b 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 45.0 ft. HOLE LOGGED BY: USBR/SMF 
REV E,,ED BY. Mata kc(eor 

L Z CLASSIFICATION 
NOTES SHEAR WAVE VELOCIT a CA P SSICA IOND 

(a_ _ _ __ AND PHYSICAL CONDITION

220
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BOTTOM OF HOLE

Tpcpul
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#24 SHEET 4 OF 4 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,344.31 E 570.542.26 GROUND ELEVATION: 3684.48 

BEGUN: 8/15/2000 FINISHED: 8/23/2000 TOTAL DEPTH: 268.0 ft. ANGLE FROM HORIZONTAL: -90? 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 45.0 fl. HOLE LOGGED BY: USBR/SMF 

REAiEVWE BY. Ma, McKeown 

SOIL 
Fill uaternary 

(made Alluvium 
ground) (Gal) 

ROCK 
Tpcpqr Tpcpul Tpcp=m 

WELDING 

Moderately Welded Densely Welded 

C, 
x 

a
qD 

LU 

w:
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#25 SHEET 1 OF 3 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,968.15 E 570.626.38 GROUND ELEVATION: 3676.54 

BEGUN: 9/21/2000 FINISHED: 9/22/2000 TOTAL DEPTH: 159.0 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 70.0 ft. HOLE LOGGED BY: USBR/SMF 
RE/.!EV,1E-, BY. Ma1r Liia 

ER~W 
)- ) 

W w CLASSIFICATION 
NOTES SHEAR WAVE VELOCIT" z N LHSICAL ION fu. AND PHYSICAL CONDITION 

0 . . . . . . . . . . ..  
W 

______Q.__ cc X____________________

Purpose of Hole: 
Preliminary, conceptual-level 
geotechnical foundation 
investigations for the design of 
the Waste Handling Building 
(WHB).  

Drill Equipment: 
Schramm T685 Drill Rig 

Drillers: 
G. Fox, V. Mora, M. Fyffe; 
Dynatec Drilling Inc.; Salt Lake 
City, Utah.  

Drilling Method: 
Install 12" hammer. Hammer to 
5.00. Cement 10.75 O.D. casing 
with 1.12 stickup. Re-enter hole 
on 9/22/2000 with 8.50 Trioone 
bit. Drill from 5.00 to total depth 
of 158.97.  

Drilling Conditions: 
1 new bit 

Drilling Fluid: 
0.00 to 5.00: Non-potable water.  
5.00 to 158.97: Quick Gel mud 
with EZ-Mud.  

Loss Intervals: 
None 

Casing Record: 
0.00 to 5.00 :10.75 O.D. casing.  
5.00 to 158.97. No casing 

Hole Completion: 
Set and cement 158.50 of 4.50 
schedule 80 PVC casing.

I
CDCOMMENTS: i. Hole loggied from cuittings 

2. Shear Wave Velocity data from GaocVision suspension Ioggirg. Data acquired fromn 
downhoe survey conrducted after PVC casing installed.  

0.  

00 
M 
30:

Fill

Oat

0.0 to 10.0 ft PAD FILL (FIN) 
Predominately fine to coarse, hard, subangular gravel with a trace 
of nonplastic fines on gravel surfaces; derived from moderately to 
densely welded Tuff.  

10.0 to 70.0 ft. QUATERNARY ALLUVIUM (Qal) 
Tuffaceous alluvium consisting of a mixture of pale red and light 
gray densely welded ignimbrite with minor fragments of white 
non-welded tuff. Up to 15 percent of the densely welded material 
has white to light gray caliche coatings.  

70.0 to 125.0 It. TIVA CANYON TUFF CRYSTAL RICH 
NON-LITHOPHYSAL ZONE (Tpcrn) 
Pyroclastic flow, moderately to densely welded, crystalized, with 
8 to 10 percent sanidine and plagioclase phenocrysts, and less 
than 1 percent biotite phenocrysts. From 70.0 to 87.0 ft. the tuff 
is pumice poor with less than 1 percent cdast content. From 87.0 
to 115.0 ft. the tuff has a mix of light brownish-gray and very light 
gray pumice elasts, composing up 10 percent of rock. Based on 
the occurrence of vapor phase mineralization fragments in the 
chips, there is a lithophysal bearing zone from 115.0 to 125.0 ft.  

125.0 to 159.0 ft TIVA CANYON TUFF CRYSTAL POOR 
UPPER UTHOPHYSAL ZONE (Tpcpul) 
Pyroclastic flow, densely welded, crystalized, vapor phase 
altered, light gray, with less than 1 percent sankdine, plagioctase, 
and biotite phenocrysts. Tuff has less than 1 percent very light 
gray. pumice clasts and volcanic lithic fragments. Lithophysae 
are distinguished by vapor phase altered chips, indicating the 
edges of voids in the tuff.

Tpcrn
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#25 SHEET 2 OF 3 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,968.15 E 570,626.38 GROUND ELEVATION: 3676.54 

BEGUN: 912112000 FINISHED: 9/22/2000 TOTAL DEPTH: 159.0 ft. ANGLE FROM HORIZONTAL: -9b 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCKZ 70.0 ft. HOLE LOGGED BY: USBRJSMF 

RE10EWED E B. tal. .M•.eo~ 

NOTES SHEAR WAVE VELOCIC"T i Z CLASSIFICATION 
______ _ _.___ AND PHYSICAL CONDITION 

~ w

51 .1.  
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#25 SHEET 3 OF 3 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,968.15 E 570,626.38 GROUND ELEVATION: 3676.54 

BEGUN: 9/21/2000 FINISHED: 9122/2000 TOTAL DEPTH: 159.0 ft. ANGLE FROM HORIZONTAL: -901 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 70.0 ft. HOLE LOGGED BY: USBRISMF 

RE V/S WEf BY. Mark Mcl(eo

FRI Quaternary 
(made Afluvium 
ground) (Oat) 

ROCK 
TPCPM Tpcpul 

WELDING 

Densely Welded U
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INTENTIONALLY LEFT BLANK
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#26 SHEET 1 OF 4 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Protect STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,247.95 E 570,579.71 GROUND ELEVATION: 3670.79 

BEGUN: 6/26/2000 FINISHED: 7/25/2000 TOTAL DEPTH: 264.9 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 85.0 ft. HOLE LOGGED BY: USBR/SMF 

REV4EWED BY Va•*r V<:Keow

NOTES

Purpose of Hole: 
Preliminary. conceptual-level 
geotechnical foundation 
investigations for the design of 
the Waste Handling Building 
(WHB).  

Drill Equipment: 
Schrainm T685 Drill Rig 

Drillers: 
G. Fox, V. Mora, M. Fyffe; 
Dynatec Drilling Inc.; Salt Lake 
City, Utah.  

Drilling Method: 
Install 12" hammer. Hammer to 
5.00. Cement 10.75 O.D. casing 
with 1.13 stickup. Re-enter hole 
on 7f7/2000 with 9 7/8 Tricone 
bit. Drill from 5.00 to depth of 
39.39. Drill from 39.39 to total 
depth of 264.90 with 8.50 Tricone 
bit.  

Drilling Conditions: 
1 new bit Loss circulation at 

258.13.  

Drilling Fluid: 
0.00 to 5.00: Non-potable water.  
5.00 to total depth of 264.90: 
Hydro Gel mud with EZ-Mud and 
LCM to re-establish circulation.  

Loss Intervals: 
258.13 

Casing Record: 
0.00 to 5.00: 10.75 O.D. casing.  
5.00 to 39.20: 9 casing.  
39.20 to 264.90: No casing.  

Hole Completion: 
Set and cement 259.90 of 4.50 
schedule 80 PVC casing.

W 
0

SHEAR WAVE VELOCIT' 
fts

a 

I

C, 

3:

z L) 

2R

COMMENTS: 1. Hole logged from cuttings 

2. Shear Wave Velocity data from GeoVision suspension logging. Data acquired from 
downhole survey conducted after PVC casing installed.

L
z

C,

CLASSIFICATION 
AND PHYSICAL CONDITION

0.0 to 14.0 ft. PAD FILL (Fill) 
Predominately fine to coarse, hard, subangular gravel with a trace 
of nonplastic fines on gravel surfaces; derived from moderately to 
densely welded Tuff.  

14.0 to 85.0 ft. QUATERNARY ALLUVIUM (lat) 
Tuffaceous alluvium consisting of a mixture of pale red and light 
gray densely welded ignimbrite with minor fragments of white 
non-welded tuff. Up to 15 percent of the densely welded material 
have white to light gray caliche coatings.  

85.0 to 204.0 ft. COMB PEAK IGNIMBRITE - TUFF X (Tpld): 
Pyroclastic flow, nonwelded, crystallized, with up to 20 percent 
pumice dasts. Tuff contains 2 to 3 percent sanidine, plagiodase, 
quartz, and less than 1 percent biotite and homblende 
phenocrysts. Up to 8 percent moderate red to medium dark gray, 
volcanic lithic clasts. Tuff is predominately grayish-orange pink 
with possible minor silicification.  

204.0 to 211.0 ft. POST TIVA CANYON BEDDED TUFFS 
(TpbtS): 
Nonwelded, devitriified, reworked (?) Fallout tephra and 
pyrodastic flows separated by distinct paleosols. Bedded tufts 
are very pale orange with 20 to 25 percent pumice cdasts and up 
to 4 percent. pale red, volcanic lithic cdasts. The tuff has up to 6 
percent quartz, sanidine and lesser piagioclase. with less than 1 
percent biotite and manganese oxides.  

211.0 to 2650 ft. TIVA CANYON TUFF CRYSTAL RICH 
NON.UTHOPHYSAL ZONE (Tpcm) 
Pyociastic flow, moderately to densely welded, crystallized, with 
8 to 10 percent sanidine and plagiociase phenocrysts. and less 
than 1 percent biotite phenocrysts. Possible vitrophyre from 
211.0 to 220.0 ft. From 220.0 to 244.0 ft. the tuff is pumice poor 
with up to 3 percent dast content. From 244.0 to 264.9 ft. the tuff 
has a mix of light brownish-gray and very light gray pumice cdasts, 
composing up 15 percent of rock.

ANL-MGR-GE-000003 REV 00 1-87 September 2002
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#26
FEATURE: Waste Handling Building 

LOCATION: ESF North Portal Pad 

BEGUN: 6/26/2000 FINISHED: 7/25/2000 

DEPTH TO WATER: Not Encountered

PROJECT: Yucca Mountain Project 

COORDINATES: N 765,247.95 E 570.579.71 

TOTAL DEPTH: 264.9 ft.  

DEPTH TO BEDROCK: 85.0 ft.

STATE: Nevada 

GROUND ELEVATION: 3670.79 

ANGLE FROM HORIZONTAL: -9) 

HOLE LOGGED BY: USBR/SMF 

REV!EWED By Vao* MdKeowwn

Tpki

ANL-MGR-GE-000003 REV 00

SHEET 2 OF 4

2002



FEATURE: Waste Handling Building 

LOCATION: ESF North Portal Pad 

BEGUN: 6/2Q62000 FINISHED: 7/25)2000 

DEPTH TO WATER: Not Encountered

GEOLOGIC LOG OF DRILL HOLE NO. UE-: 
PROJECT: Yucca Mountain Project 

COORDINATES: N 765.247.95 E 570,579.71 

TOTAL DEPTH: 264.9ft.  

DEPTH TO BEDROCK: 85.0 ft.

SHEET 3 OF 4

STATE: Nevada 

GROUND ELEVATION: 3670.79 

ANGLE FROM HORIZONTAL: -gI 

HOLE LOGGED BY: USBR/SMF 

REVIEWED BY lAast MdA n
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#26 SHEET 4 OF 4 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,247.95 E 570,579.71 GROUND ELEVATION: 3670.79 

BEGUN: 6/26/2000 FINISHED: 7125/2000 TOTAL DEPTH: 264.9 ft. ANGLE FROM HORIZONTAL: -9(f 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 85.0 ft. HOLE LOGGED BY: USBR/SMF 
.E~'•.,-.D BY. Mar McKeor 

SOIL 

Fit Ouaternary 
(made Alluviwn 

ground) (Oat) 

ROCK 
Tuff o Post Tia Tpcpm 
(Tpki) Canyon 

Bedded 
Tuff 

(rpbt5) 

WELDING 

Non-Welded Densely Welded 

D U 

P 

t-
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#28 SHEET 1 OF 2 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,510.21 E 570,104.87 GROUND ELEVATION: 3680.63 

BEGUN: 8124/2000 FINISHED: 8/25/2000 TOTAL DEPTH: 100.0ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCKI 15.0ft. HOLE LOGGED BY: USBRISMF 

REV[EWE" BY Mand M0oeow 

NE - CLASSIFICATION 
NO S SHEAR WAVE VELOCr _ AND PHYSICAL CONDITION 

Zo Z 
IL c C

Purpose of Hole: 
Preliminary, conceptual-level 
geotechnical foundation 
investigations for the design of 
the Waste Handling Building 
(WHB).  

Drill Equipment: 
Schramm T685 Drill Rig 

Drillers: 
G. Fox. V. Mora, M. Fyffe, 
Dynatec Drilling Inc.; Salt Lake 
City. Utah.  

Drilling Method: 
Install 12' hammer. Hammer to 
4.96. Cement 10.75 O.D. casing 
with 1.16 stickup. Re-enter hole 
on 8/2512000 with 8.50 Tricone 
bit. Drill from 4.96 to total depth 
of 99.75.  

Drilling Conditions: 
Smooth soft drilling to total depth 

of hole.  

Drilling Fluid: 
0.00 to 4.96: Non-potable water.  
4.96 to total depth of 99.75: Quick 
Gel mud with EZ-Mud.  

Loss Intervals: 
NA 

Casing Record: 
0.00 to 4.96; 10.75 O.D. casing.  
4.96 to 99.75: No casing.  

Hole Completion: 
Set and cement 97.98 of 4.50 
schedule 80 PVC casing.

BOT"

Fill 

Gal

Tpcm

Tpcpul

q COMMENTS: 1, Hole legged from cuttings 
to 

2. Shiear Wave Velocity data from GeoVision suspension logging. Data acquired front 
dowohole survey conducted after PVC casing installed.  

Go 

30:

0.0 to 5.0 8t. PAD FILL (Fill) 
Predominately fine to coarse, hard, subangular gravel with a trace 
of nonpiastic fines on gravel surfaces; derived from moderately to 
densely welded Tuff.  

5.0 to 15.0 ft. QUATERNARY ALLUVIUM (Cel) 
Tuffaceous alluvium consisting of a mixture of pale red and light 
gray densely welded ignimbrite with minor fragments of white 
non-welded tuff. Up to 15 percent of the densely welded material 
has white to light gray caliche coatings.  

15.0 to 70.0 . TIVA CANYON TUFF CRYSTAL RICH 
NON-LITHOPHYSAL ZONE (Tpcm) 
Pyrocdastic flow, moderately to densely welded, crystallized, with 
8 to 10 percent sanidline and plagioclase phenocrysts, and less 
than 1 percent biotite phenocrysts. From 15.0 to 30.0 f. the buff 
has a rnix of light brownish-gray and very light gray pumice clasts, 
composing up 10 percent of rock. From 30.0 to 47.0 t. the 
presence of vapor phase mineral coatings on the chips indicate 
the presence lithophysal cavities. Phenocrysts content begins to 
decrease at 47.0 f.  

70.0 to 99.8 f. TIVA CANYON TUFF CRYSTAL POOR 
UPPER LITHOPHYSAL ZONE (Tpcpul) 
Pyroclastic flow. densely welded, crystallized, vapor-phase 
altered, light gray, with 2 to 3 percent sanidine and plagiodase.  
and less than 1 percent biotite phenocrysts. Tuff has up to 5 
percent, very light gray, pumice clasts. Lithophysae are 
distinguished by vapor-phase altered chips, indicating the edges 
of voids in the tuff.

L
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#28 SHEET 2 OF 2 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,510.21 E 570,104.87 GROUND ELEVATION: 3680.63 

BEGUN: 8/24/2000 FINISHED: 8/25/2000 TOTAL DEPTH. 100.0 ft. ANGLE FROM HORIZONTAL: -96b 

DEPTH TO WATER: NotEncountered DEPTH TO BEDROCK: 15.0 ft. HOLE LOGGED BY: USBR/SMF 

RE-VIZ,'%SD BY. Mam, Mc~eo-.  

SOIL 
F'Il Quatemary 

(made Alluvium 
ground) (Oal) 

ROCK 
Tpcpm Tpcpul 

WELDING 

Densely Welded 

S

CL
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#29 SHEET 1 OF 5 

FEATURE: Waste Handling Bulding PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766,01846 E 570,836.04 GROUND ELEVATION: 3672.71 

BEGUN: 10126/2000 FINISHED: 1111/2000 TOTAL DEPTH: 430.0 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 85.0 ft. HOLE LOGGED BY: USBRISMF 

REV:EWED BY *Jar f<:Kec,' 

Z CLASSIFICATION 
NOTES HEAR WAVE VELOCI W AND PHYSICAL CONDITION 

Purpose of Hole: 0.0 to 85.0 ft. QUATERNARY ALLUVIUM (Qal) 

Preliminary, conceptual-avel - Tuffaceous alluvium consisting of a mixture of pale red and light 

geotechnical foundation gray densely welded ignimbrte with minor fragments of white 

investigations for the design of 5 non-welded tuff. Up to 15 percent of the densely welded material 

the Waste Handling Building have white to light gray caliche coatings.  

(WHIB).  10- 85.0 to 280.0 ft. BEDDED TUFF (Tmbtl) 
10Drill PereRainier Mesa Bedded Tuff composed of bedded and 

Drill Equipment: Drl:i reworked tuff. Bedded tuff is nonwelded, argillic, with up to 10 
Schramm T685 Drill Rig, percent quartz, plagiocdase, and sanidine phenocrysts. Bedded 

Drillers: 15 tuff contains up to 10 percent argillically altered pumice clasts.  
Some beds have up to 15 percent volcanic lithic clasts. Tuff is 

G. Fox, V. Mora, M. Fyfte; predominately grayish-orange pink and dril cuttings returns are 
Dynatec Drilling Inc.; Salt Lake sand to silt sized.  
City. Utah. 20 

280.0 to 370.0 ft. COMB PEAK IGNIMBRITE - TUFF X (Tpki): 
Drilling Method: Pyroclastic flow, nonwelded, crystallized, with up to 15 percent 
Install 12" hammer. Hammer to pumice clasts. Tuff contains 2 to 3 percent sanidine, plagiodase, 
4.50. Cement 10.75 O.D. casing 25 quartz, and less than 1 percent biotite and homblende 
with 1.51 stickup. Re-enter hole phenocrysts. Up to 15 percent moderate red to medium dark 
on 1012712000 with 8.50 Tricone gray, volcanic lithic dasts. Tuff is predominately grayish-orange 
bit. Drill from 4.50 to total depth 30 pink with possible minor silicification.  
o( 429.92.  

370.0 to 380.0 ft. POST TIVA CANYON BEDDED TUFFS 
Drilling Conditions: (TpbtS): 
Smooth soft drilling to total depth Nonwelded, devitrnfied, reworked (?) Fallout tephra and 
Soohsole dltpyrodastic flows separated by distinct paleosols. Bedded tufts ohole. .. -are very pale orange with 20 to 25 percent pumice cdasls and up 
Drilling Fluid: 40- -- to 4 percent, pale red, volcanic lithic clasts. The tuff has up to 6 

0.00 to 4.50: Non-potable water. percent quartz, sankline and lesser plagioclase, with less than 1 

4.50 to total depth of 429.92: Qal percent biotite and manganese oxides.  
Quick Gel mud with EZ-Mud. 45 380.0 to 430.0 ft. TIVA CANYON TUFF CRYSTAL RICH 
LOSS Intervals: _- NON-UTHOPHYSAL ZONE (Tpcm) 

Los Pyroclastic flow, moderately to densely welded, crystallized, with 
NA 8 to 10 percent sanidine and plagioclase phenocrysts, and less 

50 than 1 percent biotite phenocrysts. Possible vitropthyre frmm 
Casing Record: 379.0 to 407.0 ft. From 407.0 to 427.0 ft. the tuff is pumice poor 
0.0010 4.50. 10.75 O.D casing. with only 3 percent Clasts content. From 427 to 429.9 ft. the tuff 
4.50 to 429.92: No casing. 55 has a mix of light brownish-gray and very light gray pumice clasts, 

l composing up 12 percent of rock.  Hole Completion:- " 

Set and cement 409.67 of 4.50 
schedule 80 PVC casing. 60 

65 

70 

75 

80 

85 

90 

P COMMENTS. 1. Hole lgged from i"ttngs 

2. Shear Wave Velocity data from GeoVision suspension logging. Data acquired from 
downhole survey conducted after PVC casing installed.  

_J

ANL-MGR-GE-000003 REV 00 1-93 September 2002



GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#29
FEATURE: Waste Handling Building 

LOCATION: ESF North Poanal Pad 

BEGUN: 10/26/2000 FINISHED: 11/112000 

DEPTH TO WATER: Not Encounlered

PROJECT: Yucca Mountain Project 

COORDINATES: N 766.018.46 E 570,836.04 

TOTAL DEPTH: 430.0 ft.  

DEPTH TO BEDROCK: 850 ft.

STATE: Nevada 

GROUND ELEVATION: 3672.71 

ANGLE FROM HORIZONTAL: -. ) 

HOLE LOGGED BY. USBR/SMF 

REVIWEFD By•" VM Mc•eown

Tmbtl

September 2002

SHEET 2 OF 5

1-94
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#29 SHEET 5 OF 5 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 766.018.46 E 570,836.04 GROUND ELEVATION: 3672.71 

BEGUN: 10/26/2000 FINISHED: 1111r2000 TOTAL DEPTH: 430.0 ft. ANGLE FROM HORIZONTAL: -9C? 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 85.0 ft. HOLE LOGGED BY: USBR/SMF 

REVIEWED BY. Ma.rk M•dKeee 

Ovarternary 
Alluvium 
IOaU 

ROC 
Pre-Ranier Tuff "x" Post Tiva Tpc.  

Mesa (Tpid) Canyon 
Bedded Bedded 

Tuff Tuff 
(Trbtl) (Tpbt5) 

WELDING 

Non-Welded Densely Welded Moderately Welded 

DcoI 

T

(0
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INTENTIONALLY LEFT BLANK
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ATTACHMENT II 

REVISED LOG OF BOREHOLE RF#13
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ATTACHMENT II

REVISED LOG OF BOREHOLE RF#13 

As mentioned in Section 6.2.3, borehole RF#13 was originally drilled in 1998 at the location 
shown on Figure 2 in the main text. Its log was revised for this program in order to show 
engineering properties and shear wave velocity on the log. During the process of creating final 
SMF geologic logs for the current program (RF#14 to 29), the RF#13 core was reexamined.  
Initially, the borehole was logged with a normal fault that repeated the Tpcpmn at the bottom of 
the hole (CRWMS M&O 1999b, Appendix L). With further drilling it is now accepted that 
instead of the Tpcpmn the zone in question is the Tpcpln, which is confirmed in all the cored 
boreholes in the current program (DTN: GS020383114233.003). The revised log of RF#13 
(DTN: GS020383114233.003) is included in this attachment. The revised log may also be 
found in DTN: GS020383114233.003.
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#13 SHEET I OF 8 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765.500.04 E 570,720.12 GROUND ELEVATION: 3671.03 

BEGUN: 10/6/1998 FINISHED: 12/7/1998 TOTAL DEPTH: 350.1 ft. ANGLE FROM HORIZONTAL: -90l 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 98.0 ft. HOLE LOGGED BY: URS/SMF/USBR 
RE11iEAS• BY. M. Lueube-siMd(&Ow 

ENGINEERING i.  

I RII CLASSIFICATION 
NOTES 8 SHEAR WAVE VELOCITY A P SICA IOND zl 0 i AND PHYSICAL CONDITION 

-t 0 _ 

zn u •;

PURPOSE OF HOLE:

Preliminary, conceptual-level 
geotechnical foundation 
investigations for the design of the 
potential Waste Handling Building 
(WHB).  

DRILL RIG: 

CME 850 

DRILLER: 

M. Pancake 

DRILLING METHOD: 

ODEX method from ground surfac 
to 98.0': Modified California (MC) 
and Pitcher tube samples collected 
at approximately 5' intervals from 7 
- 98'; continuous HX wirefine from 
98.0 - 350.1'. The MC samplers 
were driven approximately 18 
inches into the bottom of the 
borehole by repeatedly dropping a 
140-pound hammer a distance of 
30 inches. MC samples were 
collected in brass tubes and sealec 
with vinyl caps. All samples and 
core were transported to the 
Sample Management Facility.  

DRILLING CONDITION & 
DRILLER'S REMARKS: 

CASING RECORD: 

DRILLING FLUID: 

Air.  

DRILL FLUID LOSSES: 

Not Applicable.  

HOLE COMPLETION: 

3.5-inch 0. D. schedule 80 PVC 
with flush threads sealed by 
O-rings installed from ground 
surface to 350.1' to enable 
downhole seismic and suspension 
seismic measurements; neat 
cement grout with 2 - 5% bentonite 
added to prevent shrinkage used tc 
fil the annulus was pumped 
through a tremle pipe that was 
pulled up as the grout was added; 
the grout was added in 30 - 50' lifts 
and allowed to cure for at least 8 "hours between lifts.

Fill

5

10

15

20

25

30

35

40

45

50-

GP

.W-Sh

GP-GP

SM-GF

3.0 to 12.5' PAD FILL (machine place fill material)

0.0 to 5.5': GRAVEL WITH SAND (GP); moist 

5.5 to 12.5': WELL GRADED SAND WITH SILT AND GRAVEL 
(SW-SM); Medium dense, moist, brown, red, and white.  

Laboratory Classification: 11.3 - 12.8' WELL-GRADED GRAVEL WITH 

SILT AND SAND (GW-GM) 

12.5 to 98.0' QUATERNARY ALLUVIUM (surficial deposits) Qal 

12.5 to 16.0': WELL-GRADED SAND WITH SILT AND GRAVEL 
(SW-SM); Very dense, moist, gray, and white.  

16.0 to 20.0: POORLY GRADED GRAVEL WITH SILT AND SAND 
(GP-GM); Very dense, moist, brown.  

Laboratory Classification: 16.3 - 17.55' POORLY-GRADED GRAVEL 
WITH SILT AND SAND (GP-GM) 

20.0 to 32.0: POORLY GRADED SAND WITH SILT AND GRAVEL 
(SP-SM); Very dense. moist ,brown.  

Laboratory Classification: 21.2 - 22.7" POORLY-GRADED SAND 
WITH SILT AND GRAVEL (SP-SM) 
Laboratory Classification: 26.2 - 27.7' POORLY-GRADED SAND 
WITH SILT AND GRAVEL (SP-SM) 

32.0 to 35.01: SILT WITH LESS THAN 10% GRAVEL (ML), Medium stiff, 
dry, tan, sandy.  

35.0 to 37.0': POORLY GRADED SAND WITH SILT AND GRAVEL 
(SP-SM); Medium dense, dry, beige and gray.  

37.0 to 42.01: POORLY GRADED GRAVEL (GP); Medium dense, moist, 
gray and purple.  

42.0 to 52.0': INTERBEDDED SILTY SAND WITH GRAVEL (SM) AND 
POORLY GRADED GRAVEL (GP); Very dense, moist, light brown.  

Laboratory Classification: 51.8 - 52.3' WELL-GRADED GRAVEL 
WITH SAND (GW) 

52.0 to 56.5': POORLY GRADED SAND (SP); Very dense, dry, pale 
brown, 

56.5 to 71.5: POORLY GRADED SAND WITH SILT AND GRAVEL 
(SP-SM); Very dense, dry, brown.  

Laboratory Classification: 56.7 - 57,9' POORLY-GRADED SAND 
WITH SILT AND GRAVEL(SP-SM) 

71.5 to 87.0' SILTY SAND WITH GRAVEL (SM); Very dense, dry.  
purple and brown.  

Laboratory Classification: 71.5 - 72.' SILTY SAND WITH GRAVEL 
(SM) 
Laboratory Classification: 76.4 - 76.9' SILTY SAND WITH GRAVEL 
(SM) 
Laboratory Classification: 81.4 - 82.15' SILTY SAND WITH GRAVEL 
(SM) 
Laboratory Classification: 86.4 - 87.15' SILTY SAND WITH GRAVEL 
(SM) 

87.0 to 98.0'% SILTY SAND (SM); Very dense, moist, white to beige., fine 
grained, trace gravel, transition to bedded tuff; contact with underlying 
unit (Tpki) is unconformable 

Laboratory Classification: 91.4 - 91.8' SILTY SAND WITH GRAVEL 
(SM)

COMMENTS 1. Based on measurements by the drlling engineer, 12 inches of slough material was in 4. Two Pitcher tube samples were attempted from 7 - 9 and 13 - 14% 
the bottom of the borehole when Sample MC-1 was driven. A blow count of 7 was 
recorded for these12 inches and a blow count of 15 was recorded for the final 4 inches 
of the drive. OOEX 165 pipe was used as the rod, rather than the AW rod that was 
used inthe remaining dive samples in this boring. The sampler was not driven the full 

is 18 inches. The blow count is not to be used.  

2. In driving MC-3 from 15 to 18 inches, the hammer drop exceeded a 30-inch drop.  
0 The recorded blow count of 167 is consequently too low.  
0 

3. All of the samples on which a sieve analysis was performed were tested for reaction 
with dilute hydrochfonc add. A reaction was noted In all of the samples. The reaction Swas moderate for the two samples from 76.4 - 76.7' and 81.5 81.8'. The reaction was Sstrong for the remaining samples.

167 

178 
-g--

Oal

117

24 

140 

3"

0

SP-SM 

ML 

SP-SNi 

GP

103]
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#13 SHEET 2 OF 8 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,500.04 E 570,720.12 GROUND ELEVATION: 3671.03 

BEGUN: 1016/1998 FINISHED. 12(711998 TOTAL DEPTH: 350.1 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 98.0 ft. HOLE LOGGED BY: URS/SMFIUSBR 

ENGINEERING 

NOTES SHEAR WAVE VELOCIT zA CLASSIFICATION a9 AND PHYSICAL CONDITION 

n w w 
uJ ~-~ U 

_______________ ~ ~ ~ 3 9 A off____ I______I_____If____

Laboratory Classification: 97.8-98.1' 
6" 

SP 98.0 to164.4': COMB PEAK IGNIMBRITE - TuffX"r (Tpid) 
55I I I I I I I 98.0 to 98.5': Very light grey; well indurated (silicified) matrix showing 

I I I I I I I oriented pumice; approximately 40% pumice; 5 - 7% lithic fragments, 

:1 : , ,subrounded to angular, 1 - 2% phenoo'ysts of quartz(?), felsics, and 108 malics(biotite(?).  

98.5 to 98.T: Thin bed: white, very fine grained; partly silicified; no 

60- distinct pumice.  

- I I I I 98.7 to 160.0: While; non-welded; devitrifled; 25 - 30% pumice; 1 - 2% 
113 I ,I I ,phenocrysts of feldspar, quartlz, rare mafics including biofite(?); I I I I I I 1 approximately 5% lithic fragments.  

= I I SP-Sk 160.0 to 162.7: White; non-welded: devitried; 20 - 30% pumice; 2% 

65 phenocrysts; 1%lithicfragments.  
11111 = 162.4 to 162.6: Pinkish gray, very fine grained; 1 - 2% smell (<Imm) 

119 IIII 'I, phenorysts and 2% very fne grained lithic fragmens.  
5" I 11 

162.6 to 164.4: White; non-welded; devitrified; approximately 25 up to 
50% pumice at base; 2% phenocrysts; 2% lithic fragments.  

70- 11' 111 1 ' 
I I 111 11 I Intensely fractured from 98.0 - 100.5; unfractured from 100.5- 102.5; 
- 1,, 1 I i •intensely fractured from 102.5 - 105.8; slightly fractured from 105.8

167 108.1'; intensely to moderately fractured from 108.1- 115.V; very -167 i intensely to intensely fractured from 115.8 - 121.1'; moderately fractured 
• i I I I from 121.1 - 122.8; intensely to moderately fractured from 122.8 

Clal 145.3; slightly fractured from 145.3 - 161.8; and intensely to moderately 
75 fractured from 161.8-164.4'.  

"11111 , •Discontinuity Measurements: 

Indiiiatioin from 
6", 11111111 Depth (ft.) Core Axis (o) Rough Infilling 

99.5 40 R2-R3 trace to paper thin light brown 
SM coating 

80 102.9 20 R3 trace to paper thin light brown 
coating 

104.6 60 R2 trace to paper thin light brown 
-60 coating 

3" 3i 109.0 35 R2 trace to paper thin light brown 
tI mating 

120.9 30 R3 trace to paper thin light brown 
85-- IIIII I I coating S121.7 50 R2 trace to paper thin light brown 

, 1,1, coating 
125.8 40 R2 trace to paper thin light brown 

3,- coating 
126.0 40 R2 trace to paper thin light brown 

I I I I I mcoating 
gO9 '0i:II 136.0 45 R3 cdean 

145.0 30 R2-R3 dean 
152.6 40 R1 paper thin light brown coating 
154.9 55 R2 trace to paper thin light brown 

5 SMcooating 

164.4-169.3 TIVACANYONASHFALLTUFF(nonwelded)Tpbt5 
95 Fallout tephra (?); grayish-orange pink to pale brown; argilic alteration 

(core damp, sticky, surface smeared by core catcher); approximately 
10% white pumice; 10% variably colored, altered lithic fragments; a thin 
(16 mm) layer of pale to moderate red, very well sorted fallout tephre 
occurs at 166.8'; moderate red to moderate reddish orange and Si 11i i, ,grayish-orange pink, heavily altered from 166.8 - 169.3'; moderately soft 

4 FD7 1 100 43 from 164.4 - 166.98; moderately weathered from 164.4 - 166.8W; intensely 
1I to moderately fracturedI from 164.4 - 166.8% contact with underlying unit 

4 W2 . . . . . . . . Tuff "x' (Tpcm4d) dips 300 below horizontal and is distinct and separated.  
H4 (Tpki) 100 68 

Discontinuity Measurements: No discontinuities 
F7100 65 ___________________________ 

SCOMMENTS: 

-0 

(0 
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#13 SHEET 3 OF 8 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Profect STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765.500.04 E 570,720.12 GROUND ELEVATION: 3671.03 

BEGUN: 10/6/1998 FINISHED: 12r7/1998 TOTAL DEPTH. 350.1 ft. ANGLE FROM HORIZONTAL: -9C? 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 98.0 ft. HOLE LOGGED BY: URS/SMF/USBR 

REO~EVIS BY. M. LmietibefsV- Mcieoer 

ENGINEERING 

NOTES HEAR WAVE VELOCIT CLASSIFICATION 
W 00 AND PHYSICAL CONDITION 

1FD 16.-7. TIV CAYXCYTLRCHNNIHPYA 
D a X , Z X 

iW Q. <_____ t_________U______._

10- F D.. .. 169.3 -175.9 TIVA CANYON CRYSTAL RICH NONUITHOPHYSAL 
F TUFF (moderately to smongly welded tuff) Tpcm4d 

100 65 Pale red: moderately welded, devred; 7 - 10% vesicular pumice; 7% 
FD3 ,phenoctysts of feldspar, rare quartz, altered biotite and other malics; 

'i i lithic fragments rare to absent; moderately hard; moderately to slightly 
, 1 1, , •weathered; very intensely fractured: contact with underlying unit (Trcm3) SI I , , , I , I is gradational and broken, with significant change in alteration.  

S11- I I I I I 100 42 Discontinuity Measurements: 

FD6 Incdinationfroom 
, Depth (ft.) Core Axis (o) Rough Infilling 

169.3-170.2 85 R2 trace to paper thin ight tan 
i I L I I m coating 

175.0-176.0 intersecting R3 trace to paper thin white 
115 i 98 52 75-85 norstaline coating 

I I I '175.9-186.6 TWA CANYON CRYSTAL-RICH NONLITHOPHYSAL 
TUFF (moderately to strongly welded tuff) Tpcrn3 

FD8 , I , , Pale red; matrix is highly porous; 10% phenocrysts; pumice and tithic 
W2 ,fragments absent day-altered, soft, greenish fragments, not aligned.  

W 2 waxy textured, approximately 1 cm; large (2 cn) vesiculated punmice 
120-: ' 72 32 mixed with small flattened cavities (eroded out pumice?); moderately 

hard; slightly weathered to fresh: very intensely fractured; contact with 
FD5 ,, , I ,underlying unit (Tpcrn2) is gradational and broken.  

Discontinuity Measurements: 

111111 Indination from 

125-I Depth (ft) Core Axis (o) Rough Infilting 
I 94 30 179.1 70 R4 trace light brown 

181.2 70 R4 healed with sand-size 

1,1, I ,fragments; 0-1rmm white 
, , , € , • imineral 

I I I I 182.0 intersecting R4 clean 

70 and 85 

'H4 Tuffx 1 0 186.5 70 R2-R3tracewhitemineral 

(Tpki) 16 0 

186.6 - 202.0 TIVA CANYON CRYSTAL RICH NONLITHOPHYSAL 
S iUFF (moderately to strongly welded tuff) Tpcmn2 

Pale red; same as overlying unit except at 191.5' alteration becomes 
FD6 i intense, pumice very soft, matrix rough; matrix waxy. friable, plastic, and 

135 i' sticky from 195.5 - 196.5' with splotches of blue/white mineral (opal?); 135-' 68 42 10 - 12% phenociysts at 200.3; moderately hard; slightly weathered to 
fresh 186.6 - 191.4'. slightly weathered 191.4 - 202.0, very intensely 
fractured; contact with underlying unit (Tpcml) is gradational and 
broken.  

Discontinuity Measurements: 

140- W3 . . . . . Inclination from 
100 43 Depth (fL) Core Axis (o) Rough Infilling 

187.4 30 R3 dean 
188.0 50 R3 bluish drusy quartz and white 

•I , I i I ,noncrystalline coating 
I 191.5 30 R3 trace white noncrystalline 

rmatenal 
145, I 192.4 40 R2 trace white noncrystalline 

, 96 38 material 

194.2 30 R3 local brown stain 
195.2 35 R4 caeiche cemented breccia 

196.9 25 R3 patches of white mineral 
111111 I 198.3 30 R2-R3 patchesof white mineral 

198.8 40 R2 - R3 patches of white mineral 

0 I , I I I 200.6 45 R2 patches of white mineral 
FD3 Wl 11111111 100 24 

202.0-219.1 TWVA CANYON CRYSTAL RICH NONLITHOPHYSAL 

I - TFF (strongly welded tuff) Tpcrnl 
Light brownish gray, moderately welded, devitrfted; 10 - 15% pumice, up 

-100 3 to 25 - 35% locally, moderately to highly flattened, up to core diameter;, 

155-1 10% phenocrysts of feldspar and rare quartz(?); some vapor phase 

;COCMMENTS:
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#13 SHEET 4 OF 8 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 7655500.04 E 570.720.12 GROUND ELEVATION: 3671.03 

BEGUN: 10/6/1998 FINISHED: 121711998 TOTAL DEPTH: 350.1 ftL ANGLE FROM HORIZONTAL: -96 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 98.0 ft. HOLE LOGGED BY: URS/SMF/USBR 

REI.*ED BY. M Lueobe-'s Mdcloen 

NOTES SHEAR WAVE VELOCITY z 9 CLASSIFICATION 
z AND PHYSICAL CONDITION 

ul C.) 

Wa 0l 1 a a

Tuff "x' 
(Tpki)

Tpbt5

Tparn"

Tpcm3t

160

16&: 

170

175

180

185

190-: 

200-: 

205-

1100

1001 82

100 

NR 

23

62 

70

82 

72 

91 

66 

77

82

73 

NR 

0

0

0

0

0 

0 

0 

0

0

I ltertion of matrix: moderately hard; slightly weathered from 202.0
34 204.7', slightly weathered to fresh from 204.7 - 219.1'% contact with 

-- underlying unit (Tpcpul) is a possible fault(?) contact, broken; material 
from 215.4 to 219.1 feet not recovered.

Discontinuity Measurements: 
Inclination from 

Depth (ft.) Core Axis (o) 
207.1 40 
212.8 80 
212.8 50

Rough Inftlling 
R3 trace light brown stain 
R3 trace white mineral 
R3 clean

219.1 - 231.5 TIVA CANYON CRYSTAL POOR UPPER 
LITHOPHYSAL TUFF (strongly welded tuff) Tpcpul 
Densely welded; pale reddlsh-brown to grayisht-range pink; 2% pumice; 
2 - 3% phenocrysts of feldspar, rare mafics; lithic fragments absent; 1% 
or less oblate tithophysal cavities with vapor phase minerals and fight 
gray alteration rims, flattened and approximately 20 degrees to 
near-perpendicular to core axis; at 231.0' first concentration of well 
developed spherulites; moderately hard from 219.1 - 225.6'. hard from 
225.6 - 231.5'; slightly weathered to fresh; very intensely fractured; 
contact with underlying unit (Tpcpmn) is distinct; broken.

Discontinuity Measurements; 
Inclination from 

Depth (ft.) Core Axis (o) 
220-223 multiple 

70- 80 
224.8 15 
229.0 30

Rough Intilling 
R3 trace to paper thin white and 

light brown coating 
R5 clean 
R3 trace tan and light brown stain

!31.5 - 286.7 TIVA CANYON MIDDLE NONLITHOPHYSAL TUFF 
densely welded) Tpcpmn 
Pale reddish-brown; densely welded; devitrified; less than 1% pumice.  
vapor phase altered and eroded out, up to greater then core diameter.  
locally occur in swarms up to 50%; approximately 5% pumice below 
260; 2 - 3% phenocrysts of feldspar, homblende (?); hard from 231.5 
271.0', moderately hard from 271.0 - 271.5%. very hard from 271.5 
286.7'; fresh from 231.5 - 271.0', slightly weathered from 271.0 - 271.5'.  
slightly weathered to fresh from 271.5 - 286.7'; very intensely fractured 
from 231.5 - 231.7', slightly to very slightly fractured from 231.7 - 270.5'.  
intensely to moderetely fractured from 270.5 - 286.r; contact with 
underlying unit (Tpcpmn2) is gradational.

Discontinuity Measurements: 
Inclination from 

Depth (ft.) Core Axis (o) 
233.8 70 
236.0 80 
237.0 35 

237.5 40 

237.7 45 

239.0 45 
241.9 20 

242.1 40 
242.4 40 
249.6 50 
250.5-250.7 20 

251.6 30 

256.4 15 

257.2 70 

261.7 30

Rough 
R2 
R4 
R4 

R3 

R3 

R2 
R2 

R3 
R3 
R3 
R4 

R5 

R3 

R3 

R4

Intilling 
trace tan and light brown starr 
clean 
trace tan, light brown, and 

white stain 
paper thin tan, fight brown, 

and white coating 
paper thin tan, light brown, 

and white coating 
paper thin tan coating 
paper thin tan and white 

coating 
trace white mineral 
trace tan and white mineral 
trace tan and white mineral 
4 to 6cm yellowish-orange 

crystalline infilling 
white crystalline inftlling 
paper thin tan and white 

coating 
paper thin tan and white 

coating 
clean

COMMENTS: 

0.

FD3 H4

FD61 H5

NR NR

W1 

W5 

NR 

W4

W2

W3

W2

Tpcm;

FD91 H4

C
0

Tpcrnl

9 i NR
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#13 SHEET s OF 8 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,500.04 E 570,720.12 GROUND ELEVATION: 3671.03 

BEGUN: 10/6/1998 FINISHED: 1217/1998 TOTAL DEPTH: 350.1 ft. ANGLE FROM HORIZONTAL: -9T 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 98.0 ft. HOLE LOGGED BY: URS/SMF/USBR 

RFVtE-1ED -BY. M. Luebce'slA Mdcisow.  
ENGINEERING• 

z - l 
W - CLASSIFICATION 

NOTES 0• SHEAR WAVE VELOCITY z A SICA IOND 

ej (a z W AND PHYSICAL CONDITION 
w U 

- i-i 2 ID

20 
20 
70 
60 

30 

20

20 
10 
40 
30 
45 
40 
20 
55 
25 

60 
25 
25 

15 
10 

20

R4 
R4 
R2 
R2 

R5 

R5

R5 
R3 
R5 
R5 
R2 
R4 
R4 
R2 
R5 

R5 
R5 
R5 

R5 
R5 

R4

clean 
1mm tan and white infilling 
trace tan and white mineral 
trace to Imm light brown 

mineral 
paper thin white and light 

brown coating 
4 to 6cm very pale orange, 

very fine grained well sorted 
fallout tephra 

patches of white mineral 
1mm white mineral 
paper thin white mineral 
paper thin white mineral 
paper thin white mineral 
trace white mineral 
paper thin white mineral 
paper thin white mineral 
paper thin white and tan 

mineral 
paper thin white mineral 
paper thin white mineral 
paper thin white and tan 

mineral 
trace of white mineral 
trace to paper thin white 

mineral 
trace to paper thin white 

mineral

210

215

220

225-: 

.2 2301

235-r 

240-

245-: 

250

255-

COMMENTS: 

P, 

0

82 0 263.0 
263.2 
267.2 
269.1 

270.6 

271.7

92

96

82

34 

72

6

0

0

0 

50

272.0 
273.0 
274.2 
275.0 
275.4 
276.7 
277.2 
278.5 
278.7 

279.5 
280.5 
281.0 

282.5 
283.5 

281.4-285.7

H4

H3

?86.7 - 300.9 TIVA CANYON LOWER LITHOPHYSAL TUFF (densely 
Nelded) Tpcpll 

Igmimbrite; pale red to moderate orange-pink; densely welded, devitnfied; 
less than 5% pumice: 2 - 3% feldspar phenocrysts, rare malice; rare 
lithic fragments; 1 - 2% lithophysae, moderately flattened with vapor 
phase mineral coating and alteration rims , up to core diameter;, very 
hard; slightly weathered to fresh; intensely to moderately fractured from 
286.7 - 293.0. very intensely fractured from 293.0 - 300.9'; contact with 
underlying unit (Tpcprnn) is broken.  

Discontinuity Measurements: 
Inclination from 

Depth (ft.) Core Axis (o) Rough infilling 
287.7 20 R3 trace to paper thin white mineral 
289.3 30 R2 paper thin white and yellowish 

brown mineral 
290.3 30 R4 paper thin white mineral 
291.7 25 R2 trace tan mineral 
294.6-301.0 20 R3 paper thin white mineral 

300.9 - 350.1 TIVA CANYON LOWER NONLITHOPHYSAL TUFF 
(densely welded) TpcpIln 

Ignimbrite; light brownish gray with grayish orange pink mottling (1- 2 
mm alteration spots usually around phenoc'ysts); densely welded, 
devitrified: 2 -3% pumice, slightly altered/eroded; 2% phenoaysts, 
primarily feldspar, rare mafics; rare lithic fragments; very hard; fresh from 
300.9 - 31862. slightly weathered from 316.2 - 317.0. fresh from 317.0 
350.1', moderately fractured.

FD9

FD2

Tpcml

Tpcput

Tpcpmr

W2

WI

1001 63

1001 81

100 100

100 76

100 83
I
0 
C,

100 82

Discontinuity Measurements: 
Inclination from 

Depth (fL) Core Axis (o) Rough Infilling 
294.6-301.0 20 R3 paper thin white mineral 
302.2 50 R3 trace white mineral 
302.6 60 R2 paper thin white mineral
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#13 SHEET 6 OF 8 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765.500.04 E 570.720.12 GROUND ELEVATION: 3671.03 

BEGUN: 10/6/1998 FINISHED: 12f7/1998 TOTAL DEPTH: 350.1 ft. ANGLE FROM HORIZONTAL: -901 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 98.0 fl. HOLE LOGGED BY. URSISMFJUSBR 
RE-EiP. BY. M ..ebtVSi-McIeaw' 

ENGINEERIN 

0) 0 PCLASSIFICATION 
NOTES S HEAR WAVE VELOCI ANDPHSSICAL IOND =W f) z = AND PHYSICAL CONDITION 

w w

____ ___ ___ ~ - * n _ ____ ___ ___ ____ ___ ___

302.6 10 R5 healed with paper thin white 
mineral 

100 82 303.1 45 R5 paper thin white mineral 
303.4 70 R3 paper thin white mineral 
303.7 20 R4 dean 
305.3 25 R2 I mm white mineral 
306.5 15 R3 I mm white mineral 265- FD2 H3 Wli 307.2 40 R2 lmmwhitemineral 

i i i i 100 100 077 05 R4 1mm white mineral 
308.7 30 R5 partially healed with trace 

, i , , • I I , , white mineral 
309.3 30 R4 dean 
309.5 25 R4 trace tan mineral 

270- 310.1 35 R5 clean 
311.2 50 R3 paper thin white mineral 

- -"W 94 34 311.3 50 R4 patchesof whilte 
311.5 40 R3 traceofwhitemineral 
312.1 35 R4 paper thin white mineral 

, F I i I p 314.3 70 R2 healed'with 3mm white to grey 
i I ,mineral (vapor phase mineral?) 

27&: 314.9 35 R4 paper thin white mineral 
,315.3 25 R3 dean 

I94 45 315.7 45 R3 paper thin white mineral 
316-319 20 R2 paperlthin white mineral 

SI I I i i I 319.3 25 R2 paper thin white mineral 
1,1,1 , ,320.0 30 R3 paper thin white mineral 

I 320.9 65 R2 lmm whitenmneral 
280- 325.8 60 R3 dean 

326.5 40 R4 dean 

FD6 100 62 327.6 60 R3 1-2rrmmwhitemineral 
328.3 30 R3 healed with a trace of white 

iimineral 
329.6 30 R2 3mm cemented sand and tan 

and white mineral 
285- 1, 330.2 35 R3 lmm while mineral 

I 330.9 20 R4 paper thin white mineral 
I 10048 330.95 65 R4 paper thin white mineral 

331.9 70 R4 paper thin white mineral 
332.2 35 R4 dean 

W2 332.5 25 R4 paper thin white mineral 
332.9 45 R4 4mm white mineral 

290- i 334.6 40 R4 paper thin white mineral 
335.3 60 R4 paper thin white mineral 

H2 ' 96 61 335.6 60 R2 paper thin white mineral , 336.2 25 R4 tight:clean 
337.0 70 R4 paper thin white mineral 

Tpcpll 337.1 40 R4 dean 
i I 337.7 45 R4 trace white mineral 

29-5- 337.8 50 R4 patches of white mineral 
I I 338.0 40 R4 patches of white mineral 

FD9 96 32 338.4 60 R3 patches of white mineral 
IF 339.8 40 R2 patches of white mineral 

340.3 45 R3 trace white mineral 
340.8 35 R4 patches of white mineral 
340.9 30 R4 patches of white mineral 

30D- II , , 33 0 341.5 50 R4 paper thin white mineral 
- - 342.3 20 R3 healed; 2mm grey mineral 

343.5 30 R4 patches of white mineral 
I I I I I I 94 71 343.6 25 R4 patches of white mineral 

343.8 60 R2 patches of white mineral 
344.1 30 R3 patches of white mineral 
345.3 30 R4 Iram white mineral 

305 345.5 25 R4 lmm white mineral 
-3 1 I i 349.3 65 R3 lmm white mineral 

FD5 W3 II I , Tpcpln 100 46 

1tI I I I I I 

31 W li ii 100 34 

COMMENTS: 

T.  
3:
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#13 SHEET 7 OF 8 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,500.04 E 570,720.12 GROUND ELEVATION: 3671.03 

BEGUN: 10/6/1998 FINISHED: 1217/1998 TOTAL DEPTH: 350.1 ft. ANGLE FROM HORIZONTAL: -9W 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 98.0 f. HOLE LOGGED BY: URS/SMF/USBR 

REVIEIVED BY. M Lkabbers'11 M6Ad 

ENGINEERING 

z 
NOTES 0 0 SHEAR WAVE VELOCI CLASSIFICATION 

w I >' AND PHYSICAL CONDITION 

io ,,• •i I 1 1 t 11 , - , , cc b ,

315

32 

325

330

335-: 

340

345-:

FD51 H2

W1

W13 

W1

BOTTOM OF HOLE

Tpcplr

100 34

88 1 26

100

92 

88

60

63 

30

27 
63 
72

COMMENTS:

ANL-MGR-GE-000003 REV 00 11-9 September 2002

I
0

.0.

68 
96 
100

1001 70
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GEOLOGIC LOG OF DRILL HOLE NO. UE-25 RF#13 SHEET 8 OF 8 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project STATE: Nevada 

LOCATION: ESF North Portal Pad COORDINATES: N 765,500.04 E 570.720.12 GROUND ELEVATION: 3671.03 

BEGUN. 10/611998 FINISHED: 12/7/1998 TOTAL DEPTH: 350.1 ft. ANGLE FROM HORIZONTAL: -90 

DEPTH TO WATER: Not Encountered DEPTH TO BEDROCK: 98.0 fl HOLE LOGGED BY: URS/SMF/USBR 

REA'EiýE BY. M Lueobem'M McKeown

sReonmsa 

Descriptor Criteria 

Extreme-y Core, fragment, or exposure cannot 
be scratched wit.j knife or scarp pick; 
ran onl be chnpped with repeated ceavy 
cammer O.ows.  

Very Hard Cannot be scratched with knife or scarp 
pick. Core or fragment breaks with 
repeated ceavy hamner blows.  

Hard Can be scratched with knife or sharp 
pick w-th difficu.ty (heavy pressure).  
Heavy hammer b.ow required to break 
specimen.  

Moderate..y Hard Can be scratcced with knife or sharp 
pick with .zght pressure. Core or 
fragment breaks wuth moderate hammer 
b-ow.  

Hoderate-y Soft Can be grooved -/r6 :ncc (2mm) deep by 
scarp pick wctc moderate or neavy pressure.  
Core or fragment breaks wcth :4gct camner 
b.ow or heavy manual pressure.  

Soft Can be grooved or gouged eas.i.y by knsfe 
or scary p.pck w-to :ght pressure, can be 
scratched wutc fingernail. Breaks with 
.ight to moderate manual pressure.  

Very Soft Can be readily indented, grooved or gouged 
wLth f ngerna:., or carved witc a knife.  
Breaks w-to n :gct manuae pressure.

A..pca-numeric Descriptor 
descriptor 

WH_ Fresh

W2 

W3 

W4 

Wz 

W6 

W7

W6 

W9

A-pca-numeric 
descriptor 

FD0 

FDl 

FD2 

FD3 

FD4 

FD5 

FD6 

FD7 

FD8 

FD9

Descriptor 

Unfractured 

Very s..:ghtly fractured 

S..gctly to very 
s-:got-y fractured 

S-lghtcy fractured 

Moderate.y to slight.y 
fractured 

Moderately fractured 

Moderately to intensely 
fractured 

:ntense.y fractured 

Very intense-y to 

intensney fractured 

Very intenese.y fractured

Slightly weathered 
to fresh 

S-lghtly weatoered 

Moderately to 
sligctly weathered 

Moderately weathered 

intensely to 
moderate-y weatcered 

intensely weathered 

Very ntensely 

weathered 

Decomposed

General characteristics 
)strength, excavation, etc.) 

Hammer rings wcen crystal.ine rocks are 
struck. A.rost always rock excavation 
except for natura-ly weak or weak.y 
cemented rocks such as S:.tstones or 
Scaes.  

Hamier rings when crystalline rocks are 
struck. Body of rock not weakened. Witc 
few except-ons, suc' as siltstones or 
scales, c.ass-fied as rock excavation.  

Hammer does not ring when rock is struck.  
Body of rock is slightly weakened.  
Depending on fracturing, usua...y -s rock 
excavat-on except in natural.y weak rocks 
succ as si-tstones or scales.  

Dull sound awen struck wwth canner, 
usual.y casbe broken witc moderate to 
heavy manua. pressure or by ,:gst carrer 
blow without reference to planes of 
weakness such as incýpent or hair-:ne 
fractures, or venlets. Rock :s 
sLgsnficantly weakened. Usually common 
excavation.  

Can be granssated by hand. A-ways rommon 
excavation. Resistant minerals such as 
9 uartz may be present as "str-nqers" or 

dikes".

Cr;tecla 
()xcludes mecnanlcal breaks) 

No observed fractures.  

Core recovered most-y in .engths greater tran 3 feet (- m).  

Core recovered most.y n. lenytos from i to 3 feet 55 to 1,000 mm) w-th few 
scattered lengtcs .ess tcan - foot (SSS mm) or greated than J feet i, D0O mm).  

Core recovered mostly in lengtcs from 0.33 to --.0 foot (100 to 300 mm) witc most 
.engths about 0.67 foot (200 mm).  

Lengrts average from 0.- to 0.23 foot (30 to 100 mm) with fragemented :nterva..s.  

Core recovered most y in lengths less tcan 0.33 foot ( -00 mm).  

Core recovered most.y as chrps and fragments wuto a few scattered short core lengtcs.
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A: pca-numeric 
deacrrptor 

HI

H2 

H3 

H4

H6

H7

e

C1 
X 

ae
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ATTACHMENT IHl

LOGS OF TEST PITS TP-WHB-1 TO TP-WHB-4 

As mentioned in Section 6.2.4, this attachment presents the geologic logs 
(DTN: GS020383114233.001) of the four test pits, TP-WHB-1 to -4, that were excavated in the 
WHB Area. See Attachment IV for Photomosaic Maps of the test pits.
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1-3"(1- I hTSHEET 1 OF 3 

5-,do, f'mt LOG OF TEST PIT OR AUGER HOLE IHOLE NO. P-WLIj

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Proiect 

LOCATION: TP-WHB-1 GROUND ELEVATION: 3682.0 

COORDINATES: N 766,304 E 570,772 METHOD OF EXPLORATION: John Deere 992 D-LC track hoe 

APPROXIMATE DIMENSIONS: approx. 70 x 70 ft. x 21 ft. deep HOLE LOGGED BY: Russell Schreiner, 828/00 

TOTAL DEPTH: 21.0 ft. DEPTH TO WATER: N/A DATE EXCAVATED: 07/13/2000 to 07/27/2000 

CLASSIFICATION 
GROUP CLASSIFICATION AND DESCRIPTION OF MATERIAL 
SYMBOL 

(GP-GM)scb 0.0-9.0 ft. POORLY GRADED GRAVEL WITH SILT AND SAND, 
COBBLES AND BOULDERS - SU1 - (GP-GM)scb: About 60% fine to 
coarse, hard, subrounded to subangular gravel;about 30% fine to coarse, 
hard, subrounded to subangular sand; about 10% nonplastic fines with no 
dry strength and rapid dilatancy; strong reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): About 15% hard, subrounded to 
subangular cobbles; about 5% hard, subrounded to subangular boulders; 
remainder minus 75 mm; max. dimension 600 mm.  

IN-PLACE CONDITION: Moderate to strong caliche cementation (breaks 
through rock, not cementation), has thin lens (4 to 6 ") of fine gravel and 
sand, heavy white calcium carbonate caliche coating on gravel, cobbles, 
and boulders, dry, pinkish gray to pale yellowish brown to light brown.  

(GP-GM)s 3.0-4.0 ft. POORLY GRADED GRAVEL WITH SILT AND SAND - SU2 
(GP-GM)s: About 70% predominantly fine, hard, subrounded to 
subangular gravel; about 20% fine to coarse, hard, subrounded to 
subangular sand; about 10% nonplastic fines with no dry strength, rapid 
dilatancy; max. size 20 mm; strong reaction with HCI.  

IN-PLACE CONDITION: Weak to moderate caliche cementation, dry, pale 
yellowish brown.  

(GP)sc 8.0 to 10.0 ft. POORLY GRADED GRAVEL WITH SAND AND COBBLES 
SU3 - (GP)sc: About 80% predominantly fine, hard, subrounded to 
subangular gravel; about 15% fine to coarse, hard, subrounded to 
subangular sand; about 5% nonplastic fines with no dry strength, rapid 
dilatancy; strong reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): Less than 5% hard, subrounded to 
subangular cobbles; remainder minus 75 mm; max. dimension 170 mm.  

IN-PLACE CONDITION: Weak to moderate caliche cementation, dry, pale 
yellowish brown.  

0;

cc X 

c,

REMARKS: 
Test pits excavated using John Deere 992 D-LC track hoe with 2 cubic yard bucket and Caterpillar 966 front end loader. Site 
prepared using Fiat Allis dozer with a single tooth ripper. Stopped excavation at 21 ft. target depth. Depths may overlap. All 3 
exposed walls of the test pit were mapped, and they vary one from the other, i.e., soil units are not continuous across the entire pit.  
The purpose of soil unit (SU) designations is to label specific soil units within each test pit, and not to correspond to soil units in the 
other test pits.
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7-133&A (I-W) SHEET 2 OF 3 
a-,d Pco)LOG OF TEST PIT OR AUGER HOLE •,OE NO. TP-WHB-1 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Proiect 

LOCATION: TP-WHB-1 GROUND ELEVATION: 3682-0 

COORDINATES: N 766,304 E 570,772 METHOD OF EXPLORATION: John Deere 992 D-LC back hoe 

APPROXIMATE DIMENSIONS: approx. 70 x 70 ft. x 21 ft. deep HOLE LOGGED BY: Russell Schreiner, 8/28/00 

TOTAL DEPTH: 21.0 ft. DEPTH TO WATER: N/A DATE EXCAVATED: 07/13/2000 to 07/27/2000 

CLASSIFICATION 
GROUP CLASSIFICATION AND DESCRIPTION OF MATERIAL 

SYMBOL 

(GP-GM)scb 4.0 to 15.5 ft. POORLY GRADED GRAVEL WITH SILT, SAND, COBBLES, 
AND BOULDERS - SU4 - (GP-GM)scb: About 70% fine to coarse, hard, 
subrounded to subangular gravel; about 20% fine to coarse, hard, 
subrounded to subangular sand; about 10% nonplastic fines with no dry 
strength, rapid dilatancy; strong reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): About 20% hard, subrounded to 
subangular cobbles; less than 5% hard, subrounded to subangular 
boulders, remainder minus 75 mm, max. dimension 600 mm.  

IN-PLACE CONDITION: Moderate to strong caliche cementation (breaks 
through rocks, not cementation), heavy white calcium carbonate caliche 
coating on gravel, cobbles, and boulders, dry, pinkish gray to light brown.  

(GP-GM)sc 13.0 to 16.0 ft. POORLY GRADED GRAVEL WITH SILT, SAND AND 
COBBLES - SU6 - (GP-GM)sc: About 60% predominantly fine to medium, 
hard, subrounded to subangular gravel; about 30% fine to coarse, hard, 
subrounded to subangular sand; about 10% nonplastic fines with no dry 
strength, rapid dilatancy; strong reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): Less than 5% hard, subrounded to 
subangular cobbles; remainder minus 75 mm; max. dimension 230 mm 

IN-PLACE CONDITION: Moderate to strong caliche cementation (breaks 
through rocks, not cementation), lensed material with lenses of fine gravels 
to 4 inches thick, lenses of heavy white caliche cementation, and pockets of 
fine gravel and sand, heavy white calcium carbonate caliche coating on 
gravel, and cobbles, dry, pale yellowish brown.  

X

I 
8 
3 

(9 
0 

a.  

(�1

REMARKS: 
Test pits excavated using John Deere 992 D-LC track hoe with 2 cubic yard bucket and Caterpillar 966 front end loader. Site 
prepared using Fiat Allis dozer with a single tooth ripper. Stopped excavation at 21 ft. target depth. Depths may overlap. All 3 
exposed walls of the test pit were mapped, and they vary one from the other, i.e., soil units are not continuous across the entire pit.  
The purpose of soil unit (SU) designations is to label specific soil units within each test pit, and not to correspond to soil units in the 
other test pits.
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7-133A (1-M) SHEET 3 OF _ 
5ý..f =wcw F LOG OF TEST PIT OR AUGER HOLE HOLENO _-

FEATURE: Waste Handling BuildinQ PROJECT: Yucca Mountain Proiect 

LOCATION: TP-WHB-1 GROUND ELEVATION: 3682.0 

COORDINATES: N 766,304 E 570,772 METHOD OF EXPLORATION: John Deer 992 D-LC track hoe 

APPROXIMATE DIMENSIONS: approx. 70 x 70 ft. x 21 ft deep HOLE LOGGED BY: Russell Schreiner, 8/28/00 

TOTAL DEPTH: 21.0 ft. DEPTH TO WATER: N/A DATE EXCAVATED: 07/13/2000 to 07/27/2000 

CLASSIFICATION 
GROUP CLASSIFICATION AND DESCRIPTION OF MATERIAL 
SYMBOL 

(GM)scb 15.5 to 17.0 ft. SILTY GRAVEL WITH SAND, COBBLES, AND 
BOULDERS - SU7 - (GM)scb: About 50% fine to coarse, hard, 
subrounded to subangular gravel; about 30% predominantly fine, hard, 
subrounded to subangular sand; about 20% nonplastic fines with no dry 
strength, rapid dilatancy; weak to strong reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): About 10% hard, subrounded to 
subangular, cobbles; about 10% hard, subrounded to subangular boulders; 
remainder minus 75 mm; max. dimension 370 mm.  

IN-PLACE CONDITION: Moderate to strong caliche cementation, layers of 
medium to fine gravel up to 6 inches thick; fine gravel lens had weak 
reaction with HCI, heavy white calcium carbonate caliche coating on gravel, 
cobbles, and boulders, dry, pinkish gray to light brown.  

(GP)scb 17.0 to 21.0 ft. POORLY GRADED GRAVEL WITH SAND, COBBLES, 
AND BOULDERS - SU8 - (GP)scb: About 70% fine to coarse, hard, 
subrounded to subangular gravel; about 25% fine to coarse, hard, 
subrounded to subangular sand; about 5% nonplastic fines with no dry 
strength, rapid dilatancy; strong reaction with HCl.  

TOTAL SAMPLE (BY VOLUME): About 15% hard, subrounded to 
subangular cobbles; about 25% hard, subrounded to subangular boulders, 
max. dimension 350 mm.  

IN-PLACE CONDITION: Moderate to strong caliche cementation, 
stratification near floor of pit consists of a few fine to medium (<0.5 mm) 
grained sand and coarse gravel/cobble (> 20 mm) lenses up to 4 ft long 
and 0.5 ft wide, heavy white calcium carbonate caliche coating on gravel, 
cobbles, and boulders, dry, pale yellowish brown.

0 

w

REMARKS: 
Test pits excavated using John Deere 992 D-LC track hoe with 2 cubic yard bucket and Caterpillar 966 front end loader. Site 
prepared using Fiat Allis dozer with a single tooth ripper. Stopped excavation at 21 ft. target depth. Depths may overlap. All 3 
exposed walls of the test pit were mapped, and they vary one from the other, i.e., soil units are not continuous across the entire pit.  
The purpose of soil unit (SU) designations is to label specific soil units within each test pit, and not to correspond to soil units in the 
other test pits.
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"7-133&A •-M) LOG OF TEST PIT OR AUGER HOLE SHEr 1 OF 3 
Bureau of R-dmbmIonI HOLE NO. TP-WHR*2 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project 

LOCATION: TP-WHB-2 GROUND ELEVATION: 3658.0 
COORDINATES: N 756,595 E 571,106 METHOD OF EXPLORATION: John Deere 992 D-LC track hoe 

APPROXIMATE DIMENSIONS: approx. 70 x 70 ft. x 19 ft. deep HOLE LOGGED BY: Russell Schreiner, 9/5/00 

TOTAL DEPTH: 19.0 ft. DEPTH TO WATER: N/A DATE EXCAVATED: 07/31/2000 to 08/23/2000 

CLASSIFICATION 
GROUP CLASSIFICATION AND DESCRIPTION OF MATERIAL 
SYMBOL 

(GP-GM)scb 0.0 to 16.0 ft. POORLY GRADED GRAVEL WITH SILT, SAND, COBBLES, 
AND BOULDERS - SU1 - (GP-GM)scb: About 65% predominantly medium 
to coarse, subrounded to subangular gravel; about 25% predominantly fine 
to medium, hard, subrounded to subangular sand; about 10% nonplastic 
fines with no dry strength, rapid dilatancy; strong reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): About 15% hard, subrounded to 
subangular cobbles; about 5% hard, subrounded to subangular boulders, 
max. dimension 900 mm.  

IN-PLACE CONDITION: Predominantly strong caliche cementation on the 
west side of the test pit, pockets of strongly cemented coarse gravels to 4 
inches thick, pinkish gray to pale yellowish brown, to light brown.  

(GP-GM)scb 0.0 to 14.0 ft. POORLY GRADED GRAVEL WITH SILT, SAND, COBBLES, 
AND BOULDERS - SU4 - (GP-GM)scb: About 60% predominantly fine to 
coarse, hard, subrounded to subangular gravel; about 30% predominantly 
fine to medium, hard, subrounded to subangular sand; about 10% 
nonplastic fines with no dry strength, rapid dilatancy; strong reaction with 
HCl.  

TOTAL SAMPLE (BY VOLUME): About 15% hard, subrounded to 
subangular cobbles; about 5% hard, subrounded to subangular boulders; 
remainder minus 75 mm; max.dimension 900 mm.  

IN-PLACE CONDITION: Predominantly weak to moderate caliche 
cementation on the east side of the test pit, caliche coatings on gravels, 
lenses of fine gravel to 4 inches thick, dry, pale yellowish brown to light 
brown.  

(GP-GM)sc 4.0 to 6.0 ft. POORLY GRADED GRAVEL WITH SILT, SAND, AND 
COBBLES - SU5 - (GP-GM)sc: About 70% predominantly fine, to medium, 
C subrounded to subangular gravel; about 20% predominantly medium to

0 

0 

.
wu

REMARKS: 
Test pits excavated using John Deere 992 D-LC track hoe with 2 cubic yard bucket and Caterpillar 966 front end loader. Site 
prepared using Fiat Allis dozer with a single tooth ripper. Stopped excavation at 19 ft. target depth. Depths may overlap. All 3 
exposed walls of the test pit were mapped, and they vary one from the other, i.e., soil units are not continuous across the entire 
pit. The purpose of soil unit (SU) designations is to label specific soil units within each test pit, and not to correspond to soil units 
in the other test pits.
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7.133•- l•46) LOG OF TEST PIT OR AUGER HOLE sHEEr 2 O 

6 cid Recmbon O P HOLE NO. T ;1 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project 

LOCATION: TP-WHB-2 GROUND ELEVATION: 3658.0 
COORDINATES: N 756,595 E 571,106 METHOD OF EXPLORATION: John Deere 992 D-LC track hoe 

APPROXIMATE DIMENSIONS: approx. 70 x 70 ft. x 19 ft. deep HOLE LOGGED BY: Russell Schreiner, 9/5100 

TOTAL DEPTH: 19.0 ft. DEPTH TO WATER: N/A DATE EXCAVATED: 07/31/2000 to 08/23/2000 

CLASSIFICATION 
GROUP CLASSIFICATION AND DESCRIPTION OF MATERIAL 
SYMBOL 

coarse, subrounded to subangular sand; about 10% nonplastic fines with no 
dry strength, rapid dilatancy; strong reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): About 10% hard subrounded to 
subangular cobbles; less than 5% hard, subrounded to subangular 
boulders; remainder minus 75 mm, max. dimension 450 mm.  

IN-PLACE CONDITION: Weak to moderate caliche cementation, thin 
lenses of fine gravels to 4 inches thick, pockets of sand to 6 inches thick, 
thin lenses of caliche coated fine gravels to 2 inches thick, dry, pale 
yellowish brown to pinkish gray where caliche cementation is moderate.  

(GM)scb 6.0 to 12.0 ft. SILTY GRAVEL WITH-SAND, COBBLES AND BOULDERS 
SU3 - (GM)scb: About 70% fine to medium, hard, subrounded to angular 
gravel; about 15% fine to medium, hard, subrounded to subangular sand; 
about 15% nonplastic fines with no dry strength, rapid dilatancy.  

TOTAL SAMPLE (BY VOLUME): About 5 to 10% hard, subrounded to 
subangular cobbles; less than 5% hard, subrounded to subangular 
boulders; remainder minus 75 mm; max. dimension 150 mm.  

IN-PLACE CONDITIONS: Moderate to strong caliche cementation, dry, 
pinkish gray to pale yellowish brown.  

(GP-GM)s 9.0 to 19.0 ft. POORLY GRADED GRAVEL WITH SILT AND SAND - SU2 
(GP-GM)s: About 70% predominantly fine, hard, subrounded to subangular 
gravel; about 20% predominantly medium to coarse, hard, subrounded to 
subangular sand; about 10% nonplastic fines with no dry strength, rapid 
dilatancy; strong reaction with HCI..  

TOTAL SAMPLE (BY VOLUME): About 5% hard, subrounded to 
subangular cobbles; less than 5% hard, subrounded to subangular 
boulders; remainder minus 75 mm; max. dimension 900 mm.

REMARKS: 
Test pits excavated using John Deere 992 D-LC track hoe with 2 cubic yard bucket and Caterpillar 966 front end loader. Site 
prepared using Fiat Allis dozer with a single tooth ripper. Stopped excavation at 19 ft. target depth. Depths may overlap. All 3 
exposed walls of the test pit were mapped, and they vary one from the other, i.e., soil units are not continuous across the entire 
pit. The purpose of soil unit (SU) designations is to label specific soil units within each test pit, and not to correspond to soil units 
in the other test pits.

ANL-MGR-GE-000003 REV 00 111-6 September 2002 I
ANL-MGR-GE-000003 REV 00 111-6 September 2002



7-133-A (1•. ) LOG OF TEST PIT OR AUGER HOLE SHEET 3 OF3 
86 d Receabon II HOLE NO. TP.WHP-7 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project 

LOCATION: TP-WHB-2 GROUND ELEVATION: 3658.0 
COORDINATES: N 756,595 E 571,106 METHOD OF EXPLORATION: John Deere 992 D-LC track hoe 

APPROXIMATE DIMENSIONS: approx. 70 x 70 ft. x 19 ft. deep HOLE LOGGED BY: Russell Schreiner, 9/5/00 

TOTAL DEPTH: 19.0 ft. DEPTH TO WATER: N/A DATE EXCAVATED: 07/31/2000 to 08/23/2000 

CLASSIFICATION 
GROUP CLASSIFICATION AND DESCRIPTION OF MATERIAL 
SYMBOL

co 

0 

0

0. REMARKS: 
Test pits excavated using John Deere 992 D-LC track hoe with 2 cubic yard bucket and Caterpillar 966 front end loader. Site 
prepared using Fiat Allis dozer with a single tooth ripper. Stopped excavation at 19 ft. target depth. Depths may overlap. All 3 
exposed walls of the test pit were mapped, and they vary one from the other, i.e., soil units are not continuous across the entire 
pit. The purpose of soil unit (SU) designations is to label specific soil units within each test pit, and not to correspond to soil units 
in the other test pits.

I.

IN-PLACE CONDITION: Weak to moderate caliche cementation, lenses of 
fine gravel to 2 inches thick, pockets of fine sand and gravel to 4 inches 
thick, dry, pale yellowish brown, to pinkish gray where caliche cementation is 
moderate.
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7-133&A- (I-) LOG OF TEST PIT OR AUGER HOLE SHEET 1 OF 3 
Sof Red.n on L HOLE NO. TP-WHP-3 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project 

LOCATION: TP-WHB-3 GROUND ELEVATION: 3650.0 
COORDINATES: N 765,306 E 571,161 METHOD OF EXPLORATION: John Deere 992 D-LC track hoe 

APPROXIMATE DIMENSIONS: approx. 70 x 70 ft. x 20 ft. deep HOLE LOGGED BY: Russell Schreiner, 9/5/00 

TOTAL DEPTH: 20.0 ft. DEPTH TO WATER: N/A DATE EXCAVATED: 08101/2000 to 08/23/2000 

CLASSIFICATION 
GROUP CLASSIFICATION AND DESCRIPTION OF MATERIAL 
SYMBOL 

(GP)scb 0.0 to 18.0 ft. POORLY GRADED GRAVEL WITH SILT, SAND, COBBLES, 
AND BOULDERS - SU3 - (GP)scb: About 65% predominantly fine to 
medium, hard, subrounded to subangular gravel; about 25% fine to coarse, 
hard, subrounded to subangular sand; about 10% nonplastic fines with no 
dry strength, rapid dilatancy; strong reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): About 10% hard, subrounded to 
subangular cobbles; about 5% hard, subrounded to subangular boulders; 
remainder minus 75 mm; max. dimension 900 mm.  

IN-PLACE CONDITION: Weak to moderate caliche cementation, thin 
lenses of fine clean gravels and 4 to 6 inch pockets of fine sand, pockets of 
coarse gravels to 8 inches thick, dry, pale yellowish brown.  

(GP-GM)scb 0.0 to 4.0 ft. POORLY GRADED GRAVEL WITH SILT, SAND, COBBLES, 
AND BOULDERS - SU1 - (GP-GM)scb: About 70% predominantly coarse, 
hard, subrounded to subangular gravel; about 20% predominantly fine, hard, 
subrounded to subangular sand; about 10% nonplastic fines with no dry 
strength, rapid dilatancy; strong reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): About 20% hard, subrounded to 
subangular cobbles; about 5% hard, subrounded to subangular boulders; 
remainder 75 mm; max. dimension 600 mm.  

IN-PLACE CONDITION: Weak to strong caliche cementation, 2 to 4 inch 
thick pockets of fine sand, whitish coatings on gravel, dry, pale yellowish 
brown.  

(GP-GM)scb 4.0 to 15.0 ft. POORLY GRADED GRAVEL WITH SILT, SAND, COBBLES 
AND BOULDERS - SU5 - (GP-GM)scb: About 55% predominantly fine, 
hard, subrounded to subangular gravel; about 35% fine to coarse, hard, 
subrounded to subangular sand; about 10% nonplastic fines with no dry 
strength, rapid dilatancy; strong reaction with HCI 

3 REMARKS: 
>- Test pits excavated using John Deere 992 D-LC track hoe with 2 cubic yard bucket and Caterpillar 966 front end loader. Site 
o prepared using Fiat Allis dozer with a single tooth ripper. Stopped excavation at 19 ft. target depth. Depths may overlap. All 3 
9• exposed walls of the test pit were mapped, and they vary one from the other, i.e., soil units are not continuous across the entire 

pit. The purpose of soil unit (SU) designations is to label specific soil units within each test pit, and not to correspond to soil units 
Sin the other test pits.
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7-.1336-A (I-M) LOG OF TEST PIT OR AUGER HOLE SHEET 2 -•F3 
OF~ PI AUGER I HOLE NO. PWH

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Prodect 

LOCATION: TP-WHB-3 GROUND ELEVATION: 3650.0 

COORDINATES: N 7656306 E 571,161 METHOD OF EXPLORATION: John Deere 992 D-LC track hoe 

APPROXIMATE DIMENSIONS: approx. 70 x 70 ft. x 20 ft. deep HOLE LOGGED BY: Russell Schreiner, 9/5/00 

TOTAL DEPTH: 20.0 ft. DEPTH TO WATER: N/A DATE EXCAVATED: 08/01/2000 to 08/23/2000 

CLASSIFICATION 
GROUP CLASSIFICATION AND DESCRIPTION OF MATERIAL 
SYMBOL

(GP-GM)sc

(GP)scb

TOTAL SAMPLE (BY VOLUME): About 5% hard subrounded to 
subangular cobbles; less than 5% hard, subrounded to subangular 
boulders; remainder minus 75 mm; max. dimension 300 mm.  

IN-PLACE CONDITION: Weak to moderate caliche cementation, thin layers 
of fine clean gravels to 6 inches thick, thin layers of heavily cemented 
gravels to 4 inches thick, pockets of coarse caliche cemented gravels, 
occasional pockets of fine silty sand to 4 inches thick, dry, pale yellowish 
brown.

.1.
3.0 to 9.5 ft. POORLY GRADED GRAVEL WITH SILT, SAND, AND 
COBBLES - SU2 - (GP-GM)sc: About 50% predominantly fine, hard, 
subrounded to subangular gravel; about 40% fine to coarse, hard, 
subrounded to subangular sand; about 10% nonplastic fines with no dry 
strength, rapid dilatancy; weak to strong reaction with HCI 

TOTAL SAMPLE (BY VOLUME): About 5% hard subrounded to 
subangular cobbles; remainder minus 75-mm.  

IN-PLACE CONDITION: Weak to moderate caliche cementation, thin layers 
of fine clean gravels to 6 inches thick, thin layers of heavily cemented 
gravels to 4 inches thick, pockets of coarse caliche cemented gravels, 
occasional pockets of fine silty sand to 4 inches thick, dry, pale yellowish 
brown.

6.0 to 12.0 ft. POORLY GRADED GRAVEL WITH SAND, COBBLES, AND 
BOULDERS - SU4 - (GP)scb: About 80% predominantly coarse, hard, 
subrounded to subangular gravel; about 15% predominantly fine, hard, 
subrounded to subangular sand; about 5% nonplastic fines with no dry 
strength, rapid dilatancy; strong reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): About 25% hard subrounded to 
subangular cobbles; less than 5% hard, subrounded to subangular 
boulders; remainder minus 75 mm; max. dimension 300 mm.

REMARKS: 
Test pits excavated using John Deere 992 D-LC track hoe with 2 cubic yard bucket and Caterpillar 966 front end loader. Site 
prepared using Fiat Allis dozer with a single tooth ripper. Stopped excavation at 19 ft. target depth. Depths may overlap. All 3 
exposed walls of the test pit were mapped, and they vary one from the other, i.e., soil units are not continuous across the entire 
pit. The purpose of soil unit (SU) designations is to label specific soil units within each test pit, and not to correspond to soil units 
in the other test pits.
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""-" (I=N LOG OF TEST PIT OR AUGER HOLE SHEET O• o 
8 dur Rvbý If I,•ro HOL.E NO. TP-WHa-3 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project 

LOCATION: TP-WHB-3 GROUND ELEVATION: 3650.0 
COORDINATES: N 765,306 E 571,161 METHOD OF EXPLORATION: John Deere 992 D-LC track hoe 

APPROXIMATE DIMENSIONS: approx. 70 x 70 ft. x 20 ft. deep HOLE LOGGED BY: Russell Schreiner, 9/5/00 

TOTAL DEPTH: 20.0 ft. DEPTH TO WATER: N/A DATE EXCAVATED: 08/01/2000 to 08/23/2000 

CLASSIFICATION 
GROUP CLASSIFICATION AND DESCRIPTION OF MATERIAL 
SYMBOL 

IN-PLACE CONDITON: Weak to moderate caliche cementation, thin layers 
of fine clean gravels to 6 inches thick, thin layers of heavily cemented 
gravels to 4 inches thick, pockets of coarse caliche cemented gravels, 
ocasional pockets of fine silty sand to 4 inches thick, dry, pale yellowish 
brown.  

(GP-GM)scb 16.0 to 20.0 ft. POORLY GRADED GRAVEL WITH SILT, SAND, 
COBBLES, AND BOULDERS - SU6 - (GP-GM)scb: About 70% 
predominantly coarse, hard, subrounded to subangular gravel; about 20% 
predominantly fine, hard subrounded to subangular sand; about 10% 
nonplastic fines with no dry strength, rapid dilatancy; no reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): About 15% hard, subrounded to 
subangular cobbles; remainder minus 75 mm; max. dimension 250 mm.  

IN-PLACE CONDITION: Strong caliche cementation, dry, pale yellowish 
brown.  

(GM)sc 18.0 to 20.0 ft. SILTY GRAVEL WITH SAND, AND COBBLES - SU7 
(GM)sc: About 60% predominantly fine, hard subrounded to subangular 
gravel; about 25% predominantly fine, hard, subrounded to subangular 
sand; about 15% nonplastic fines with no dry strength, rapid dilatancy; 
strong reaction with HCI 

TOTAL SAMPLE (BY VOLUME): About 5% hard, subrounded to 
subangular cobbles; remainder 75 mm; max. dimension 90 mm.  

IN-PLACE CONDITION: Moderate to strong caliche cementation, dry, pale 
yellowish brown.  

Ch 

(.  

q 

S 

SREMARKS: 
- Test pits excavated using John Deere 992 D-LC track hoe with 2 cubic yard bucket and Caterpillar 966 front end loader. Site 

Sprepared using Fiat Allis dozer with a single tooth ripper. Stopped excavation at 19 ft. target depth. Depths may overlap. All 3 
-, exposed walls of the test pit were mapped, and they vary one from the other, i.e., soil units are not continuous across the entire 
a: pit. The purpose of soil unit (SU) designations is to label specific soil units within each test pit, and not to correspond to soil units 
10 in the other test pits. I 
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"-1133r-A (I.) I LOG OF TEST PIT OR AUGER HOLE SHEET I OF 2 
Burea of Rela~maon HOLE NO. TP-WHA-4 

FEATURE: Waste Handling Building PROJECT: Yucca Mountain Project 

LOCATION: TP-WHB-4 GROUND ELEVATION: 3664.7 

COORDINATES: N 765,950 E 571,453 METHOD OF EXPLORATION: John Deere 992 D-LC track hoe 

APPROXIMATE DIMENSIONS: approx. 70 x 70 ft. x 16 ft. deep HOLE LOGGED BY: Russell Schreiner, 9/14/00 

TOTAL DEPTH: 16.0 ft. DEPTH TO WATER: N/A DATE EXCAVATED: 08/28/2000 to 09/06/2000 

CLASSIFICATION 
GROUP CLASSIFICATION AND DESCRIPTION OF MATERIAL 
SYMBOL 

(GP-GM)scb 0.0 to 16.0 ft. POORLY GRADED GRAVEL WITH SILT, SAND, COBBLES, 
AND BOULDERS - SU2 - (GP-GM)scb: About 65% predominantly fine to 
coarse, hard, subrounded to subangular gravel; about 25% predominantly 
fine, subrounded to subangular sand; about 10% low plasticity fines with 
high dry strength, rapid dilatancy; strong reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): About 15% hard, subrounded to 
subangular cobbles; about 5% hard, subrounded to subangular boulders; 
remainder minus 75 mm; max. dimension 900 mm.  

IN-PLACE CONDITION: Strong caliche cementation, stratified, pockets of 
cemented fine gravels and sands, dry, very pale orange.  

(SM)gc 0.0 to 2.0 ft. SILTY SAND WITH GRAVEL AND COBBLES - SU7 - (SM)gc: 
About 40% predominantly fine, hard, subrounded to subangular gravel; 
about 40% predominantly fine subrounded sand; about 20% low plasticity 
fines with low toughness, none to low dry strength, rapid dilatancy; strong 
reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): About 5 to 10% hard subrounded to 
subangular cobbles; remainder minus 75 mm; max. dimension 200 mm.  

IN-PLACE CONDITION: Weak to strong caliche cementation, surficial layer 
with abundant roots and some organic material, dry, pale yellowish brown to 
light brown.  

(GP-GM)scb 2.0 to 8.0 ft., 12 to 16 ft. POORLY GRADED GRAVEL WITH SILT, 
SAND, COBBLES, AND BOULDERS - SU1 - (GP-GM)scb: About 70% 
predominantly fine to medium, subrounded to subangular gravel; about 20% 
predominantly fine to coarse subrounded to subangular sand; about 10% 
low plasticity fines with low dry strength, rapid dilatancy; strong reaction with 
"HCI.  

TOTAL SAMPLE (BY VOLUME): About 10% hard, subrounded to 

SREMARKS: 
>- Test pits excavated using John Deere 992 D-LC track hoe with 2 cubic yard bucket and Caterpillar 966 front end loader. Site 
o prepared using Fiat Allis dozer with a single tooth ripper. Stopped excavation at 16 ft. target depth. Depths may overlap. All 3 0, exposed walls of the test pit were mapped, and they vary one from the other, i.e., soil units are not continuous across the entire 
a pit. The purpose of soil unit (SU) designations is to label specific soil units within each test pit, and not to correspond to soil units 
n in the other test pits.  

-R
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"71" (1-6.) LOG OF TEST PIT OR AUGER HOLE sHEE N 0w.I• .. a o. R rnson HOLtE NO. T IR
FEATURE: Waste Handling Building PROJECT: Yuoca Mountain Project 

LOCATION: TP-WHB-4 GROUND ELEVATION: 3664.7 
COORDINATES: N 765,950 E 571,453 METHOD OF EXPLORATION: -John Deere 992 D-LC track hoe 

APPROXIMATE DIMENSIONS: approx. 70 x 70 ft. x 16 ft. deep HOLE LOGGED BY: Russell Schreiner, 9/14/00 

TOTAL DEPTH: 16.0 ft. DEPTH TO WATER: N/A DATE EXCAVATED: 08/28/2000 to 09106/2000 

CLASSIFICATION 
GROUP CLASSIFICATION AND DESCRIPTION OF MATERIAL 
SYMBOL

(GP-GM)scb

(GP-GM)sc

subangular cobbles; about 5% subrounded to subangular boulders; 
remainder minus 75 mm; max. dimension 450 mm.  

IN-PLACE CONDITION: Moderate to strong caliche cementation, irregularly 
and weakly stratified with a few coarse gravel/cobble lenses, roots present, 
dry, pale yellowish brown to light brown.

2.0 to 4.0 ft., 6.0 to 12.0 ft. POORLY GRADED GRAVEL WITH SILT, 
SAND, COBBLES, AND BOULDERS - SU3 - (GP-GM)scb: About 80% 
predominantly coarse, hard, subrounded to subangular gravel; about 10% 
predominantly fine, hard, sand; about 10% low plasticity fines with low dry 
strength, rapid dilatancy; strong reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): About 30% hard, subrounded to 
subangular cobbles; less than 5% hard, subrounded to subangular 
boulders; remainder minus 75 mm; max. dimension 350 mm.  

IN-PLACE CONDITION: Moderate to strong caliche cementation, stratified, 
pockets of cemented fine gravels and sands, dry, pinkish gray to very pale 
orange.

14.0 to 16.0 ft. POORLY GRADED GRAVEL WITH SILT, SAND, AND 
COBBLES - SU6 - (GP-GM)sc: About 55% predominantly fine, hard, 
subrounded to subangular gravel; about 35% predominantly fine, hard, 
subrounded to subangular sand; about 10% low plasticity fines with low 
toughness and low dry strength, rapid dilatancy; strong reaction with HCI.  

TOTAL SAMPLE (BY VOLUME): About 5% hard, subrounded to 
subangular cobbles; remainder minus 75 mm; max. dimension 100 mm.  

IN-PLACE CONDITION: Moderate to strong caliche cementation, stratified, 
laminated, lensed, pockets of silty, cemented sands to 4 inches thick, dry, 
pinkish gray to pale yellowish brown.

SREMARKS: 
>- Test pits excavated using John Deere 992 D-LC track hoe with 2 cubic yard bucket and Caterpillar 966 front end loader. Site 
o prepared using Fiat Allis dozer with a single tooth ripper. Stopped excavation at 16 ft. target depth. Depths may overlap. All 3 
-0 exposed walls of the test pit were mapped, and they vary one from the other, i.e., soil units are not continuous across the entire 
r- pit. The purpose of soil unit (SU) designations is to label specific soil units within each test pit, and not to correspond to soil units 

Sin the other test pits.  
W-
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ATTACHMENT IV 

PHOTOMOSAIC MAPS OF TEST PITS TP-WHB-1 TO TP-WHB-4
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ATTACHMENT IV 
PHOTOMOSAIC MAPS OF TEST PITS TP-WHB-1 TO TP-WHB-4 

As mentioned in'Section 6.2.4, this attachment presents a series of three geologic maps for each 
of the four test pits excavated in the WHB Area (DTN: GS020383114233.001). The geologic 
mapping is superimposed on a photomosaic of the test pits. Each figure covers one of the side 
slopes of the test pit (mapping was not performed on the bottom of the pit or on the access ramp 
into the pit, which occupied the fourth side of each pit).
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Note: Soil Units (SU) are specific to test pit and do not correspond to other pits.  

Figure IV-1. Test Pit TP-WHB-1 South Wall
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Note: Soil Units (SU) are specific to test pit and do not correspond to other pits. Source: DTN GS0203831 14233.001 

Figure IV-2. Test Pit TP-WHB-1 North Wall
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Note: Soil Units (SU) are specific to test pit and do not correspond to other pits.
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Source: DTN GS020383114233.001

Figure IV-3. Test Pit TP-WHB-1 West Wall
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Note: Soil Units (SU) are specific to test pit and do not coirespond to other pits. Source: DTN GS020383114233.001

Figure IV-4. Test Pit TP-WHB-2 West Wall
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Figure IV-5. Test Pit TP-WHB-2 East Wall
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to test pit and do not correspond to orher pits.

Figure IV-6. Test Pit TP-WIB-2 South Wall
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Note: Oili Units (SU) are specific to test pit and do not correspond to other pits. Source: DTN GS020383114233.001

Figure IV-7. Test Pit TP-WHB-3 East Wall 
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Note: Soil Units (SU) are specific to test pit and do not correspond to other pits.

Figure IV-8. Test Pit TP-WHB-3 West Wall 
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Note: Soil Units (SU) are specific to test pit and do not correspond to other pits.

Figure IV-9. Test Pit TP-WHB-3 South Wall
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Note: Soil Units (SU) are specific to test pit and do not correspond to other pits. Source: DTN GS020383114233.001 

Figure IV-10. Test Pit TP-WHB-4 East Wall 
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)ecific to test pit and do not correspond to other pits.
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Source: DTN GS020383114233.001

Figure IV-1 1. Test Pit TP-WHB-4 North Wall
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Note: Soil Units (SU) are specific to test pit and do not correspond to other pits.

Figure IV-12. Test Pit TP-WHB-4 Wes Wall

ANL-MGR-GE-000003 REV 00 IV-14 September 2002


